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PREFACE  TO  THE  FIRST  EDITION. 


The  German  Author,  in  his  brief  Preface  to  the  original  work  upoi 
which  the  present  treatise  is  based,  thus  describes  his  purpose : — 

" In  its  power  to  assume  always  that  form  of  energy  which  happens 
to  be  the  most  useful,  lies  the  great  importance  of  Electricity.  This 
importance  has  been  brought  home  to  the  public  at  large  by  means  of 
the  many  recent  exhibitions.  Public  interest  has  been  roused,  and  there 
is  everywhere  a desire  for  information,  and  a demand  for  a guide  through 
this  mysterious  and  far-extended  territory.  Although  there  is  no  want 
at  present  of  works  and  periodicals  which  treat  of  the  science  of  elec- 
tricity, it  is  not  everybody’s  business  to  go  through  fifty  volumes  to  pick 
out  from  amongst  the  useful  and  useless  that  which  is  needed,  and 
finally  to  retain  just  enough  to  make  up  one  volume. 

“ The  task  of  saving  the  general  reader  that  trouble  I have  under- 
taken, and  have  sought  to  convey  a clear  insight  into  the  whole  science 
of  modern  electro-technics,  without  requiring  on  the  reader’s  part  any 
special  knowledge  beyond  that  of  ordinary  education.  The  very  com- 
plete index  is  further  intended  to  make  the  work  of  use  as  a book  of 
reference." 

In  the  preparation  of  this  English  Edition,  we  have  sought  to  pre- 
serve all  the  many  excellent  features  that  make  Dr.  Urbanitzky’s  work 
so  admirably  adapted  for  a popular  and  practical  treatise.  We  have  not 
hesitated,  however,  to  alter  the  method  with  great  freedom  where  it  was 
out  of  accord  with  English  modes  of  thought  or  reasoning,  and  to  add 
descriptions  of  apparatus  made  and  used  in  this  country,  and  matters 
generally  interesting  to  English  readers,  which  were  not  found  in  the 
German  edition. 

In  the  main  divisions  of  the  subject  we  have,  to  a great  extent, 
followed  the  original.  The  best  order  for  elucidating  the  principles  oi 


xii  Electricity  in  the  Service  of  Man. 

this  and  kindred  sciences  is_.  as  a rule,  the  historical  order  of  discovery. 
The  facts  that  are  first  found  in  order  of  time  are  those  that  are  most 
palpable  and  lie  nearest  to  hand  ; while,  on  the  other  hand,  the  dis- 
coveries of  recent  years  are  drawn  from  the  more  intricate  phenomena, 
which  require  to  be  searched  after.  But  the  order  of  development  is 
thus  almost  exactly  the  reverse  of  the  order  of  importance  and  utility,  as 
regards  the  purposes  of  life  ; nor  is  the  order  of  discovery  strictly  iden- 
tical with  a logical  arrangement.  Dr.  Urbanitzky  has  taken  account  of 
this  difference,  by  first  expounding  the  Principles  of  Electrical  Science 
in  their  historical  sequence,  in  the  first  part  of  the  work,  and  then  dealing 
with  the  applications  of  electricity  to  industrial  life,  in  a second  part. 
Moreover,  the  same  plan  is  used  in  dealing  with  the  separate  branches 
of  the  subject,  as  is  applied  to  the  work  as  a whole ; and  hence  in  each 
of  the  sections  on  Dynamos,  Motors,  Accumulators,  Telephones,  Tele- 
graphs, etc.,  the  historical  sketch  of  the  progress  of  discovery  precedes 
the  general  examination  of  the  subject. 

This  plan  appeared  so  judicious  that  we  have  followed  it  out  fully, 
though  we  have  endeavoured  to  simplify  the  second  part  by  a rearrange- 
ment of  some  of  the  sections.  In  one  respect,  however,  we  have  not 
followed  the  German.  The  biographies  of  discoverers  and  inventors, 
with  their  portraits,  seemed  unduly  to  dilute  the  strictly  scientific 
record  ; and  with  some  reluctance,  therefore,  these  interesting  personal 
details  have  been  omitted. 

Although  the  systematic  exposition  of  the  science,  as  a whole,  is  to 
be  found  in  the  first  part,  a sufficient  explanation  of  the  principles  is 
given  in  each  section  to  make  the  applications  intelligible  to  the  readers 
who  are  particularly  interested  in  the  one  bi'anch  of  the  subject  treated 
of  in  that  section,  and  who,  therefore,  consult  the  work  for  that  parti- 
cular branch. 

To  facilitate  reference,  an  account  of  the  units  of  electric  measure- 
ments, and  the  principal  laws  connecting  them,  are  collected  in  an 
Appendix  to  Part  I. 

Dr.  Urbanitzky  makes  considerable  use  of  the  analogy  between  a 
flow  of  water  and  a flow  of  electricity,  for  rendering  easier  the  compre- 
hension of  the  meanings  of  terms,  and  the  retention  by  the  memory  of 
the  relation  between  the  different  electrical  quantities.  This  analogy 
has  been  made  use  of  in  the  following  cases  : — 
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Page  43. — The  analogy  between  potential  and  level. 

1 16 —The  pressure  of  water  and  the  E.  M.  F.  of  electricity. 

124. The  law  of  divided  currents  and  the  theory  of  Wheat- 

stone’s Bridge. 

257. The  action  of  a Gramme  collector  and  the  union  of  a 

double  flow  of  water. 

313— A small  quantity  of  water  with  a high  fall  feeding  a 
number  of  water-mills  at  different  levels,  compared 
with  a system  of  machines  in  series  ; and  a small  fall 
of  a large  quantity  of  water  feeding  machines  at  the 
same  level,  compared  with  a system  of  machines 
abreast. 

It  has  been  urged  that  the  analogy  may  be  carried  too  far,  and,  in 
particular,  that  the  flow  of  water  through  a pipe,  unlike  the  flow  of  elec- 
tricity through  a wire,  has  no  effect  on  the  region  outside.  To  this 
objection  we  might  reply  that  analogies  are  never  intended  as  proofs, 
but  as  illustrations.  No  analogy  is  perfect ; a perfect  analogy  would 
become  an  identity.  Although  the  analogy  between  two  sets  of  pheno- 
mena may  be  traced  to  a great  length — 

“ Though  each  resemble  each  in  every  part, 

A difference  strikes  at  length  the  musing  heart,” 

and  the  detection  of  the . diversity  amidst  general  resemblances,  may 
be  of  as  much  advantage  to  the  student  as  the  recognition  of  the 
resemblances.  But  it  is  by  no  means  clear  that  we  have  exhausted  the 
analogy  in  the  case  before  us.  For  instance,  although  water  flowing 
through  a closed  pipe  has  no  field  of  influence  outside  the  pipe,  if  we 
substitute  a stream  for  the  closed  conduit,  the  analogy  continues — 

“ Streams  never  flow  in  vain  where  streams  abound. 

How  laughs  the  land  with  various  plenty  crowned.’’ 

The  stream  must  be  drawn  upon,  however,  in  order  that  its  influence 
may  be  utilised,  and  so  also  must  the  current.  Whenever  the  influence 
of  the  field  surrounding  any  part  of  the  circuit  is  taken  advantage  of  for 
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mechanical  or  other  work,  a counter  electro-motive  force  is  produced 
which  is  equivalent  to  a reduction  of  the  difference  of  level. 

We  have  next  to  notice  the  points  in  which  we  have  not  followed  the 
original.  The  Author’s  anxiety  to  avoid  the  appearance  of  a mathe- 
matical work,  which  might  make  the  subject  repulsive  to  many,  has  led 
him  to  avoid  all  symbolic  statements  whatever.  But  frequently  the 
symbolic  form  is  the  simplest  and  most  intelligible  expression  of  a 
relation,  and  is  far  more  readily  comprehended  by  the  general  reader 
than  a lengthy  expression  in  words.  Hence  we  have  followed  up  the 
verbal  statement  of  laws  by  repeating  the  statement  in  the  symbolic 
or  equational  form.  By  this  plan  we  have  not  forfeited  anything  of  the 
popular  character  of  the  work,  but  we  have  at  the  same  time  caused  the 
popular  introduction  to  lead  up  to  the  more  scientific  or  technical  treat- 
ment in  every  branch  of  the  subject  as  it  occurs.  Again,  whenever  the 
laws  which  were  simply  enunciated  in  the  original,  admit  of  simple 
demonstrations,  we  have  given  the  proofs  ; and,  in  the  case  of  dynamo- 
machines-  and  motors,  we  have  extended  the  “ plotting-out  ” methods 
which  are  briefly  mentioned  by  Dr,  Urbanitzky,  and  made  these  method.'; 
the  means  of  explaining  the  theories  of  Marcel  Deprez,  Dr.  Frbhlich,  and 
Dr.  Sylvanus  Thompson. 

Again,  we  have  made  less  use  than  the  original  of  the  theory  of 
Symmer  and  Du  Fay,  namely,  that  there  are  two  kinds  of  electricity, 
and  that  a current  consists  of  a double  flow — a flow  of  positive  elec- 
tricity in  one  direction,  and  a flow  of  negative  electricity  in  the  other  or 
opposite  direction.  This  theory  is  fully  explained  in  its  historical  con- 
nection, but  we  have  speedily  replaced  it  by  the  modern  forms  of  speech, 
which  do  not  pledge  us  to  any  assumption  as  to  the  nature  of  electricity. 
The  only  assumption  we  make  is  that,  whatever  electricity  may  be,  one 
body  may  have  more  or  less  of  it  than  another,  and  that  as  compared 
with  a standard  body,  such  as  the  earth,  one  body  may  have  an  excess 
and  another  a defect.  Though  there  are  not  two  kinds  of  electricity, 
there  are  two  kinds  of  electrification ; one  being  a state  in  which  there  is 
more  electricity  than  on  an  equal  surface  of  surrounding  bodies,  and  the 
other  kind  a state  in  which  there  is  less.  To  follow  out  the  older  theory 
would  require  that  the  unit  of  current  should  be  half  that  which  is  now 
universally  adopted,  and  of  the  other  units,  some  should  be  doubled  or 
quadrupled,  and  others  should  be  halved  or  quartered.  According, 
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therefore,  to  the  view  we  have  adopted,  all  electrical  machines  or  bat- 
teries are  but  instruments  for  altering  the  distribution  of  electricity. 
Any  cause  which  is  sufficient  to  alter  the  distribution  of  electricity 
produces  an  electro-motive  force,,  or  potential  difference,  and  no  charge 
of  electricity  whatever  can  be  made  sensible  without  some  difference  of 
potential  between  the  charged,  body  and  the  earth  or  neighbouring  con- 
ductors. Friction  between  non-conducting  bodies  gives  rise  to  a great 
potential  difference,  producing  a large  charge  on  even  a small  conductor  ; 
whereas  the  galvanic  cell  or  the  contact  of  conductors  produces  a very 
small  potential  difference,  giving  a small  charge  only  to  any  conductor 
of  moderate  size.  On  the  other  hand,  when  the  conductor  is  large  the 
galvanic  cell  will  develop  a large  quantity  of  electricity,  and  the  friction 
machine  only  a small  quantity. 

The  practical  system  of  electrical  units — the  ampere,  the  volt,  and  the 
ohm — have  been  used  throughout,  and  their  connection  with  the  so-called 
absolute  units  is  traced  in  the  Appendix  to  Part  I. 

The  explanations  of  the  phenomena  of  magneto-electric  induction  are 
given  by  means  of  Faraday^s  law  and  Maxwell’s  rule — that  is  to  say,  by 
the  conception  of  lines  of  force. 

******** 

» 

Our  aim  has  been  to  supply  information  in  a form  suitable  for 
the  general  inquirer,  and  yet  to  connect  with  it  detailed  and  definite 
facts  and  figures  which  may  be  of  service  to  technical  students  and 
professional  workmen. 

We  have  only  to  state  in  conclusion,  that  the  draft  translation  of 
the  original  work  (which  has  received,  however,  very  free  handling,  for 
reasons  already  indicated)  has  been  executed  by  Mr.  Emil  Beyer.  And 
we  have  also  to  thank  the  numerous  electrical  engineers  or  inventors 
who  have  rendered  valuable  aid  in  bringing  the  work  up  to  date,  by 
supplying  information  (often  accompanied  by  illustrations)  and  revising 
the  proof-sheets  of  the  text.  Amongst  these  we  are  particularly  in- 
debted to  Messrs.  Ayrton  and  Perry,  Mr.  James  Wimshurst,  Mr. 
Alexander  Schanschieff,  the  Brush  Company,  the  Exchange  Telegraph 

Company,  and  Messrs.  Siemens,  Edison  & Co,  Gerard  & Co.,  Higgins, 
and  Fuller. 
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The  first  English  edition  of  this  work,  for  which  the  foregoing  Preface 
was  written,  was  published  in  1888,  at  a time  when  some  of  the  most 
striking  of  the  recent  applications  of  electro-technics  were  undergoing, 
or  had  but  recently  undergone,  very  rapid  development.  Thus, 
although  the  first  German  edition  had  only  been  published  three  years 
before,  large  additions  were  necessary,  especially  in  the  technical  section. 

In  1890,  on  the  issue  of  a second  edition,  it  was  found  that  still 
further  extensions  were  required,  and  these  were  entrusted  to  the  present 
writer,  who  occupied  the  space  at  his  disposal  with  two  appendices  on 
“ Dynamos  ” and  “Transformers”  respectively. 

On  the  exhaustion  of  this  edition  two  years  later,  it  was  observed 
that  not  only  had  much  untouched  material  accumulated  during  the 
rapid  development  referred  to,  but  that  some  of  the  details,  actually 
dealt  with,  although  of  great  interest  when  they  first  appeared,  had 
become  obsolete,  without  retaining  any  historical  interest.  It  was 
therefore  decided  to  thoroughly  revise  the  whole  work,  and  the  task  was 
again  entrusted  to  the  present  writer. 

In  taking  up  this  revision,  two  distinct  lines  pf  action  seemed  to  be 
desirable.  The  first  was  to  cut  out,  especially  from  the  technical  section, 
all  descriptions  of  machines  and  apparatus  which  had  become  obsolete, 
and  were  not  of  sufficient  historical  interest  to  warrant  retention.  The 
writer  is  aware  that  his  decisions  in  the  numerous  cases  that  j^resented 
themselves  are  open  to  criticism,  both  as  regards  what  has  been  retained 
and  what  has  been  omitted  ; but  his  constant  endeavour  has  been  to  re- 
tain, and  sometimes  to  amplify,  everything  that  was  necessary  to  that  pre- 
sentment of  the  historical  development  of  each  important  section,  which 
is  of  such  interest  to  the  general  reader  and  so  important  to  the  student. 

The  second  line  of  action  was  that  of  introducing  the  new  matter 
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necessary  to  bring  the  various  sections  abreast  of  the  most  recent  de- 
velopments at  the  time  of  publication.  Here  the  task  has  been  a difficult 
one,  on  account  of  the  mass  of  material  available  on  the  one  hand,  and 
the  necessity  for  keeping  the  book  within  reasonable  limits  of  size.  How 
nearly  the  happy  mean  has  been  struck  it  must  be  left  to  the  reader  to 
decide.  That  no  sparing  hand  was  employed  in  cutting  out  obsolete  matter 
may  be  gathered  from  the  fact,  that  some  1 20  pages  of  the  last  issue  have 
been  excised.  But  notwithstanding  the  space  thus  rendered  available, 
it  has  been  found  imperatively  necessary  to  increase  the  size  of  the  book, 
so  that  the  new  matter  inserted  covers  over  200  pages.  This,  with  the 
appendices  of  the  second  edition  now  incorporated  in  the  body  of  the 
work,  makes  the  present  writer  responsible  for  about  240  pages  of  the 
book  as  it  stands  at  present. 

Besides  the  above  changes,  the  retained  text  has  been  subjected  to  a 
very  thorough  revision,  so  that  it  is  hoped  few  typographical  errors  may 
now  remain,  and  that  in  all  details  the  most  modern  views  on  the 
various  subjects  are  presented  for  consideration.  At  the  same  time  it 
has  been  always  carefully  borne  in  mind,  that  the  book  is  primarily 
intended  to  satisfy  the  increasing  desire  on  the  part  of  most  educated 
and  intelligent  people  to  know  more  about  a subject,  which  so  intimately 
enters  into  many  of  the  every-day  transactions  of  modern  life.  In  addi- 
tion, it  has  been  found  that  much  of  the  matter  in  the  previous  editions 
was  of  interest  to  the  professional  public,  and  this  feature,  it  is  hoped, 
has  been  retained. 

In  the  theoretical  section  the  additions  consist  chiefly  of  a descrip- 
tion of  the  recent  work  of  the  Thomsons,  Hertz,  and  Tesla,  the  latter  of 
whom  recently  created  quite  a sensation  by  his  brilliant  experiments 
with  alternate  currents  of  high  frequency. 

In  the  technical  section  the  additions,  as  indicated  above,  are  very 
numerous,  especially  in  those  parts  which  trench  upon  heavy  electrical 
engineering  work.  Thus,  the  treatment  of  “ Public  Supply  Central 
Stations,”  which  occupied  a single  page  in  the  last  edition,  has  been  ex- 
tended into  an  important  section,  in  which  the  various  typical  systems 
for  supplying  energy  electrically  to  the  public  consumer  will,  it  is  hoped, 
be  found  to  be  described  with  sufficient  fulness.  This  section  includes 
the  transformers,  mains,  and  meters  used  in  electric  lighting  work ; 
whilst  the  details  of  house  fittings  are  treated  separately.  The  section 
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on  Secondary  Batteries,  especially  for  lighting  purposes,  has  also  been 
extended,  by  tracing  their  development  down  to  the  present  time. 

The  previous  appendix  on  “Dynamos”  has  been  extended  so  as  to 
include  all  types  that  are  at  present  of  practical  importance,  whilst  the 
theory  of  the  dynamo  has  been  further  developed,  especially  in  the 
direction  of  the  quantitative  consideration  of  the  “ magnetic  circuit,” 
and  devices  for  “ compounding”  and  regulating. 

The  “ Electric  Transmission  of  Power”  has  been  further  illustrated 
by  reference  to  recent  developments  in  “ Electric  locomotion,”  and  to 
modern  forms  of  motors  and  systems  for  the  transmission  of  large 
amounts  of  power  by  continuous,  alternate,  and  polyphase  currents. 
The  subject  of  recent  work  in  connection  with  “Electric  Furnaces  ” and 
“ Electric  Welding”  has  also  not  been  overlooked. 

Turning  to  the  applications  of  smaller  currents,  the  section  on 
Telephony  has  been  extended  by  descriptions  of  recent  successes  in 
“Long-distance  Telephony”  and  of  the  Telephone  apparatus  used  by 
the  British  Post  Office.  And,  as  regards  Telegraphy,  descriptions  have 
been  added  of  Duplex,  Quadruplex,  and  Multiplex  working,  as  well  as 
of  Professor  Gray’s  “Telautograph.” 

Numerous  other  and  smaller  additions  have  been  made  which  it 
would  be  tedious  to  enumerate  here.  The  above  will  suffice  to  show 
the  direction  of  the  chief  additions,  in  dealing  with  which,  some  slight 
rearrangement  has  also  been  found  desirable. 

And  now  it  is  my  pleasing  duty  to  gratefully  acknowledge  the 
assistance  which  I have  receiv^ed  from  numerous  friends,  both  in  the 
direction  of  supplying  information  and  in  permitting  the  use  of,  and  in 
many  cases  lending,  the  necessary  illustrations.  With  respect  to  the 
foi'mer,  an  attempt  has  usually  been  made  to  obtain  the  desired  informa- 
tion at  first  hand,  and  in  most  cases  it  has  been  cheerfully  communicated. 
P'or  both  purposes  the  Continents  of  Europe  and  America,  as  well  as 
our  own  narrower  limits,  have  been  laid  under  contribution,  and  a 
complete  list  of  obliging  helpers  would  include  many  prominent  electri- 
cians and  many  of  the  leading  firms  in  electrical  work.  Most  of  these 
firms  are  referred  to  in  the  text  in  connection  with  the  particular 
apparatus  considered,  and  as  a full  list  here  would  be  both  long  and 
tedious,  perhaps  they  will  accept  this  tacit  acknowledgment  of  the 
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obligation.  But  I must  especially  express  my  cordial  thanks  to  Pro- 
fessor Sylvanus  P.  Thompson  for  permission,  of  which  I have  largely 
availed  myself,  to  use  illustrations  taken  from  his  standard  work  on 
"Dynamo  Electric  Machinery,”  and  to  Mr.  W.  H,  Preece  for  a similar 
permission  with  respect  to  his  well-known  book  on  “ Telegraphy  ” ; also 
to  the  Institution  of  Electrical  Engineers  for  the  use  of  illustrations 
published  in  the  Journal  } I am  also  under  very  great  obligation  to  the 
technical  press,  as  represented  by  The  Electrician,  The  Electrical  Re- 
view, The  Electrical  Engineer,  and  Electrical  Plant,  all  of  whom  have 
courteously  allowed  me  to  use  any  illustrations  in  their  possession  ; a 
permission  of  which,  especially  in  the  case  of  the  two  first-named,  I 
have  very  freely  taken  advantage. 

Professor  John  Perry,  believing  that  it  is  “of  the  greatest  importance 
that  readers  of  books  on  electricity  should  no  longer  have  only  vague 
notions  of  the  magnitudes  with  which  they  deal,”  prepared  for  the  first 
edition  of  this  book  the  useful  table  that  will  be  found  on  the  following 
page.  The  reader  is  referred  to  the  body  of  the  book  for  the  necessary 
explanations. 

In  conclusion,  the  reviser  ventures  to  hope  that  the  book,  as  now 
issued,  will  be  found  to  be  brought  up  to  date  with  respect  to  all 
electrical  matters  of  general  interest,  and  that  the  present  volume  may 
sustain  the  high  reputation  gained  by  previous  editions. 


November,  1893. 


R.  M.  W. 
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ELECTRICAL  MAGNITUDES 


(SOME  RATHER  APPROXIMATE). 

Resistance  of 

One  yard  of  copper  wire,  one-eighth  of  an  inch  diameter  o‘oo2 
One  mile  of  ordinary  iron  telegraph  wire  ... 

Some  of  our  selenium  cells  ... 

A good  telegraph  insulator 

Electro-motive force  of 

A pair  of  copper-iron  junctions  at  a difference  of  tem- 
perature of  1°  Fahr 

Contact  of  zinc  and  copper  ... 

One  Daniell’s  cell 

Mr.  Latimer  Clark’s  standard  cell  ... 

Difference  of  potential  at  the  terminals  of  an  incandescent 
lamp  used  in  ordinary  lighting  ... 

Board  of  Trade  limit  of  difference  of  potential  between  any 
two  points  in  an  electric  circuit  used  in  continuous 

current  lighting  

Electro-motive  force  of  one  of  Dr.  De  la  Rue’s  batteries 


ohms 


10  to  20 

40  to  1,000,000 

4,000,000,000,000 


O'OOO.OI  volts. 

07s 

II 
I 45 


50  to  1 10 


Lightning-flashes 


200 

11,000 


probably  many  millions  of  volts. 


Currents  usually  measurid — 

Using  electrometer  ... 

Using  delicate  galvanometer 
Current  received  from  Atlantic  cable,  when  25  words 

per  minute  are  being  sent  

Current  in  ordinary  land  telegraph  lines  ... 

Current  through  an  ordinary  incandescent  lamp  ... 
Current  from  dynamo  machine  used  in  electric  lighting... 


almost  infinitely  small  currents. 
o'ooo,ooo,ooo,040  amperes. 


o’ooo,ooi 
0-003 
0-5  to  I 
5 to  500 


In  any  circuit  containing  a generator  of  electricity,  the  electro-motive  force  of  the  generator  is 
equal  to  the  current  in  amperes  multiplied  by  the  resistance  of  the  circuit  in  ohms. 

The  resistance  (in  ohms)  of  any  piece  of  wire  forming  part  of  an  electric  circuit,  is  equal  to 
the  difference  of  potential  (in  volts)  between  its  ends  divided  by  the  current  (in  amperes)  passing 
through  it. 

Rate  of  production  of  heat  or  other  forms  of  energy  in  watts  (746  watts  = i horse-power) : 
In  the  whole  of  a circuit,  is  the  current  (in  amperes)  multiplied  by  the  electro-motive  force  (in 
volts).  In  any  wire  forming  part  of  a circuit,  is  the  current  (in  amperes)  multiplied  by  the 
difference  of  potential  (in  volts)  between  the  ends  of  the  wire,  or  the  square  of  the  current 
(in  amperes)  multiplied  by  the  resistance  (in  ohms). 

In  a 20-candle  incandescent  light  we  find  that  75  watts  are  usually  expended. 

Rate  at  which  electric  energy  is  given  to  an  electro-motor,  is  the  difference  of  potential  at  the 
terminals  of  the  motor  (in  volts)  multiplied  by  the  current  (in  amperes).  This  energy  is  con- 
verted partly  into  heat  and  partly  into  mechanical  energy  by  the  motor. 

Rate  at  which  electric  energy  is  being  given  out  by  a generator,  is  the  difference  of  potential 
at  its  terminals  (in  volts)  multiplied  by  the  current  (in  amperes). 


ELECTRICITY 


IN  THE  SERVICE  OF  MAN. 


PART  I. 

ZTbe  ipiinciples  of 


EARLY  HISTORY  OF  MAGNETISM  AND  ELECTRICITY. 

Early  and  Classical  References  to  Magnetism. — The  ancients  were 
acquainted  with  the  natural  loadstone,  although  we  cannot  determine  the  exact 
date  when  it  was  discovered.  They  had,  however,  very  exaggerated  notions 
of  its  powers.  According  to  Pliny,  the  loadstone  was  first  found  by  a shepherd 
named  Magnes,  and  hence  the  term  magnet.  Other  historians  refer  to  the  load- 
stone under  the  name  of  “ Lithos  Herakleia,”  which  meant  Hercules  stone,  or 
the  stone  of  Heraklea.  The  town  of  Heraklea,  at  a later  period,  received  the 
name  of  Magnesia,  which  may  have  been  the  origin  of  the  word  magnet. 
Lucretius  (born  95  B.c.),  mentions  the  fact  that  the  loadstone  had  the  power  of 
attracting  and  repelling  iron. 

Klaproth  attributes  the  discovery  of  the  magnetic  needle  to  the  Chinese, 
as  early  as  the  year  121  a.d.  Another  Chinese  work,  dating  from  the  eleventh 
century,  mentions  the  fact  that  sailors  made  use  of  the  magnetic  needle,  and  are 
said  to  have  been  acquainted  with  its  deflections.  Magnetic  needles  were  first 
employed  by  the  Chinese  on  land  journeys,  and  not  sea  voyages.  The  cele- 
brated Tchi-nan-tschin  had  a magnetic  needle,  of  which  Poggendorif  gives  a 
description. 

History  of  Magnetism  during  the  Middle  Ages. — Nothing  cer- 
tain is  known  about  the  exact  period  when  the  compass  was  brought  to  Europe. 
We  find  in  a piece  of  poetry  called  “ La  Bible,”  composed  by  Guyot  de  Provins, 
dated  1 1 90,  some  lines  to  the  effect  that  sailors  consulted  the  magnetic  needle 
when  bad  weather  set  in.  Jacques  de  Vitry,  in  his  “Historia  Naturalis”  (1215 — 
1220),  mentions  the  magnetic  needle  as  being  at  that  time  no  longer  a novelty. 

The  first  European  who  took  into  account  the  declinations  of  the  needle 
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was  probably  Christopher  Columbus.  Its  deflection  from  the  due  north  had 
been  previously  attributed  to  the  incorrect  construction  of  the  instrument 
Variations  in  the  deflection  of  the  needle  at  the  same  place  were  first  noticed 
by  Henry  Gellibrand  in  the  year  1634.  i 

In  the  year  1544  the  discovery  of  the  inclination,  or  dip,  was  made  by  Hart- 
mann, who  mentions  the  fact  in  a letter  to  Albrecht  of  Prussia.  Robert  Norman 
(1576),  in  making  more  accurate  experiments  to  ascertain  the  cause  of  “dip,” 
found  that  iron,  when  magnetised,  did  not  increase  in  weight.  The  reason  for 
the  inclination,  or  dip  of  the  magnetic  needle,  was  satisfactorily  explained  by 
William  Gilbert,  whom  we  shall  have  occasion  to  mention  later  on.  Gilbert  and 
Hartmann  were  aware  that  similar  poles  repelled  each  other.  Gilbert  observed, 
further,  that  pieces  of  iron  vertically  suspended  became  magnets,  especially  when 
the  bar  of  iron  had  a similar  inclination  to  that  of  the  dipping  needle,  and  that 
the  poles  of  the  magnets  thus  formed  nearest  the  earth  proved  to  be  N.  poles. 
From  these  facts  he  concluded  that  the  earth  was  itself  an  enormous  magnet ; 
and  the  discovery  of  terrestrial  magnetism  is  therefore  attributed  to  him.  His 
theory  affords  a satisfactory  explanation  of  the  increase  of  inclination  from  the 
equator  to  the  poles.  Hudson,  the  discoverer  of  the  bay  bearing  his  name, 
practically  proved  Gilbert’s  theory  by  his  journey  into  northern  latitudes  in  1608. 
Gilbert  also  found  that  a bar  of  iron  having  the  direction  of  the  needle  could  be 
magnetised  by  hammering : the  magnetism  being  lost  when  the  bar  was  heated, 
but  regained  when  the  bar  was  cooled ; in  fact,  that  the  bar  might  be  magnetised 
again  by  making  it  red  hot,  and  allowing  it  to  cool  whilst  inclined  at  an  angle 
parallel  to  that  of  the  dipping  needle. 

Early  History  of  Electricity. — It  is  difficult  to  give  the  exact  date  at 
which  the  first  observations  of  electrical  phenomena  were  made.  Thales,  one  of 
the  seven  sages  of  Greece,  who  was  born  at  Miletus  in  the  year  640  b.c.,  and  who 
died  in  548  b.c.,  is  supposed  to  have  been  the  first  who  observed  that  amber 
had  the  power  of  attracting  small  bodies.  Amber  was  known  to  the  Greeks  by 
the  name  “ elektron,”  and  from  this  name  the  word  electricity  has  been  derived. 
The  ancients  must  have  been  acquainted  with  the  effects  of  atmospheric 
electricity,  as  thunder-storms  in  most  southern  latitudes  are  of  frequent 
occurrence,  and  they  also  knew  of  the  St.  Elmo’s  fire.  They  could,  how 
ever,  have  had  but  little  or  no  knowledge  of  electricity,  and  the  few  phenomena 
above  noticed,  with  which  they  were  acquainted,  they  were  quite  unable  to 
explain. 

Gilbert’s  Discoveries. — The  science  of  electricity  remained  in  this  con- 
dition for  nearly  two  thousand  years,  when  Queen  Elizabeth’s  physician,  William 
Gilbert,  made  a series  of  fresh  discoveries  of  electrical  phenomena,  which  won 
him  the  title  of  the  founder  of  the  science.  He  was  born  at  Colchester  in  1540, 
studied  at  Oxford  and  Cambridge,  and,  after  travelling  for  some  time  on  the 
Continent,  established  himself  as  a physician  in  London,  where  he  died  in 
1603.  Considering  the  period  at  which  Gilbert  lived,  his  scientific  knowledge 
must  have  been  remarkable.  It  gained  for  him  the  favour  of  the  queen,  who 
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gave  him  the  means  of  carrying  out  his  scientific  experiments,  and  also  appointed 
him  her  private  physician.  The  principles  and  theories  of  Lord  Bacon,  who 
frequented  Queen  Elizabeth’s  Court,  probably  greatly  influenced  Gilbert.  It  is, 
however,  certain  that  he  did  not  follow  the  plan  previously  followed  by  the 
schoolmen,  of  making  daring  hypotheses  to  explain  natural  phenomena,  but 
formed  his  ideas  from  direct  experiment.  This  is  exactly  the  plan  adopted  by 
Bacon.  Gilbert  discovered  that  other  bodies  besides  amber  could  be  electrified 
by  friction.  He  also  ascertained  that  the  production  of  electricity  was  affected 
by  moisture ; that  hot  or  burning  bodies  lost  all  electricity ; and  that  an  elec- 
trified body  attracts  a variety  of  other 
bodies,  whereas  a magnet  only  attracts 
steel  or  iron.  The  latter  fact  shows  that 
he  was  acquainted  with  the  difference 
between  electricity  and  magnetism. 

The  Jesuit  Nicolo  Cabeo,  Francastro, 

Descartes,  and  others  studied  electricity, 
but  were  satisfied  to  establish  learned 
theories  without  testing  them  by  actual 
experiments. 

Guericke’s  Sulphur  Ball. — The 
next  scientist  who  increased  the  list  of 
important  electrical  discoveries  was  Otto 
von  Guericke.  He  was  born  at  Magde- 
burg in  1602,  studied  law  at  Leipzig  and 
Jena,  and  mathematics  and  mechanics  at 
Leyden.  After  visiting  France  and  England, 
and  being  employed  as  engineer  at  Erfurt, 
he  returned  to  Magdeburg,  where  he  was 
elected  mayor,  and  where  he  afterwards 
made  his  experiments.  In  1681  he  removed  to 
five  years  later  (1686).  Up  to  this  time  electricity  had  been  produced  by 
taking  larger  or  smaller  pieces  of  various  substances  in  one  hand,  and 
rubbing  them  with  the  other,  the  amount  thus  obtained  being  very  small 
indeed.  Guericke  now,  however,  to  his  other  discoveries,  added  that  of 
an  electric  machine.  Having  cast  a globe  of  sulphur,  he  supplied  it  with  a 
wooden  axle,  and  then  mounted  the  whole  on  a frame  (Fig.  i),  the  hand 
being  employed  as  the  rubber.  Although  the  arrangement  was  a very  simple 
one,  he  obtained  better  results  with  it  than  any  of  his  predecessors.  By 
means  of  it  he  discovered  that  the  production  of  electricity  in  large  quantities 
was  accompanied  by  light  and  sound.  He  further  found  that  the  electrified 
sulphur  globe  attracted  light  bodies,  which  it  afterwards  repelled  until  they  had 
touched  some  other  body. 

Discovery  of  Electrical  Luminosity. — About  the  same  time  Picard 
observed  the  luminosity  of  greatly  rarified  gases.  Experimenting  with  an  imper- 


Fig.  I. — Guericke’s  Sulphur  Ball. 
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fectly  exhausted  barometer  tube,  he  agitated  the  mercury  in  the  tube,  thus 
producing  electricity,  which  caused  the  mercury  vapour  and  the  remaining  air  to 
glow. 

Robert  Boyle  and  Dr.  Wall  made  further  discoveries,  the  former  finding  that 
substances  are  attracted  by  an  electrified  body  in  a vacuum,  while  the  latter  was 
the  first  to  produce  the  electric  spark. 

Hawksbee,  who  lived  at  the  commencement  of  the  eighteenth  century,  gave 
the  first  proper  explanation  of  Picard’s  observations.  He  experimented  in  the 
following  manner  : Taking  several  glass  vessels  containing  mercury,  he 
exhausted  the  air  by  means  of  an  air-pump,  and  then  agitated  the  mercury. 
The  glow  which  was  thus  produced  inside  the  vessels  he  attributed  to  electricity, 
and  to  test  the  point  he  was  led  to  construct  an  electrical  machine.  He  substi- 
tuted a glass  globe  for  the  sulphur  ball  of  Guericke,  which  he  exhausted,  and 
thus  obtained,  besides  the  glow,  sparks  an  inch  long.  He  also  experimented 
with  other  substances,  such  as  sealing-wax,  etc.,  from  which  he  discovered  that 
the  electricity  of  these  bodies  was  not  of  the  same  character,  though  he  did 
not  go  so  far  as  to  recognise  the  positive  and  negative  electricities. 

Stephen  Gray  (1696 — 1736),  about  whom  little  is  known,  was  the  first  to 
draw  attention  to  the  classes  of  conducting  and  non-conducting  bodies. 
Experimenting  with  some  glass  tubing,  the  ends  of  which  he  closed  with  corks, 
he  found  that  although  the  corks  were  not  rubbed,  they  attracted  and  repelled 
small  bodies  exactly  like  the  excited  glass  tube.  He  followed  this  discovery  up, 
and  found  out  the  difference  between  conductors  and  non-conductors,  or  insu- 
lators. He  also  ascertained  that  it  was  not  necessary  to  touch  the  bodies  for 
the  purpose  of  charging  them,  and  further,  that  the  distribution  of  electricity  on 
a body  was  unaffected  by  the  mass  of  that  body. 

Discovery  of  the  fact  that  Electricity  is  of  two  kinds. — Charles 
FranQois  de  Cisternay  du  Fay,  better  known  under  the  simple  title  of  Du  Fay, 
made  experiments  during  the  years  1733 — 1739.  He  found,  as  the  result 
of  his  investigations,  that  electrified  bodies  attract  all  unelectrified  bodies, 
electrifying  them  in  turn,  and  then  repelling  them ; also  that  there  are  two 
distinct  kinds  of  electricity — namely,  that  which  is  produced  by  rubbing  glass, 
etc.,  and  that  which  is  produced  by  rubbing  amber,  resin,  sealing-wax,  etc. 
He  termed  the  former  kind  vitreous  electricity,  and  the  latter  resinous  electricity. 
His  experiments  on  living  bodies  produced  a great  sensation  at  the  time. 

The  Globe  Electric  Machine. — It  is  a curious  fact  that  these  men 
were  content  to  produce  the  required  electricity  by  means  of  a rubbed  glass 
rod,  and  none  of  them  thought  of  perfecting  Guericke’s  and  Hawksbee’s  elec- 
trical machines.  Litzendorf,  a pupil  of  the  mathematical  Professor,  Christian 
August  Hansen,  proposed  to  use  in  the  place  of  the  glass  rod  a glass  ball,  which 
might  be  rotated  by  means  of  a wheel.  The  professor  carried  out  the  suggestion, 
and  thus  the  glass  ball  was  employed  a second  time,  but  the  hand  was  still 
retained  as  the  rubber. 

The  Prime  Conductor. — Professor  George  Mathias  Bose,  who  died  in 
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1761,  constructed  the  first  prime  conductor,  which  was  simply  an  iron  tube, 
held  by  a person  who  stood  on  a cake  of  resin.  This  method  of  supporting  the 
conductor  he  scon  found  to  be  inconvenient,  and  he  therefore  suspended  it 
by  silk  threads.  Observing  that  the  person  rubbing  the  glass  ball  became 
charged  with  electricity  as  well  as  the  conductor,  he  put  a kind  of  armour  all 
over  the  person  and  let  him  stand  on  a large  cake  of  resin.  When  charged,  the 
person  began  to  glow  all  over,  the  effect  terminating  with  a kind  of  halo  round 
his  head.  This  experiment  was  known  under  the  title  of  the  “beatification.” 
He  also  succeeded  in  firing  gunpowder. 

Cylindrical  and  Plate  Machines, — Professor  Andreas  Gordon,  of 
Erfurt,  changed  the  glass  globe  for  a glass  cylinder ; and  Giessing,  under  the 
direction  of  Professor  Johann  Winkler,  of  Leipzig,  constructed  a cushion,  or 
rubber,  which  consisted  of  some  woollen  material  held  in  position  by  metal 
catch  springs.  The  electrical  machine  now  possessed  both  rubber  and  prime 
conductor.  Benjamin  Wilson  (1746)  improved  the  conductor  by  adding  a 
series  of  points,  which  he  termed  the  collector;  and  Canton  (1762)  improved 
the  rubber  by  the  addition  of  amalagam  of  tin.  With  the  machine  as  thus 
improved  very  fair  results  were  obtained. 

Several  claim  to  have  been  the  first  to  use  a glass  plate  instead  of  a glass 
cylinder,  but.  Poggendorff  says  that  Planta  was  the  first  who  made  use  of  the 
plate  machine.  Several  machines  with  very  large  plates  were  constructed ; the 
Duke  de  Chaulnes  ipade  a machine,  the  plate  of  which  had  a diameter  of 
nearly  five  feet ; this  machine  gave  sparks  of  twenty-two  inches  in  length. 

The  Electric  Jar, — We  come  now  to  the  discovery  of  the  electric  jar. 
According  to  our  authority,  Poggendorff,  Dean  Kleist  was  the  inventor  of  the 
electric  jar.  In  1745  Kleist  brought  near  his  electrical  machine  a medicine- 
bottle,  in  the  neck  of  which  there  happened  to  be  an  iron  nail.  Holding  the 
bottle  with  one  hand,  the  other  happened  to  touch  the  nail,  and,  to  his  surprise, 
he  received  a violent  shock ; he  made  several  experiments  to  trace  the  cause, 
and  communicated  with  several  people  regarding  them. 

About  the  same  time  Pieter  van  Musschenbroek  made  the  same  discovery; 
Musschenbroek,  Professor  at  Leyden,  observed  that  electrified  bodies  lose  their 
electricity  when  exposed  to  the  atmosphere.  To  prevent  the  electricity  from 
leaving  some  water,  he  put  the  water  into  a.  glass  bottle,  and  conducted  the 
electricity  along  an  iron  . nail.  Cuneus,  at  Leyden,  who  worked  with  Muss- 
chenbroek, happened  to  hold  this  bottle  in  one  hand  in  order  to  charge  it, 
and  on  removing  the  bottle  from  the  conductor  he  touched  the  conducting 
wire  with  the  other  hand  ; he  then  received  a shock  like  Kleist.  Musschenbroek 
repeated  the  experiment,  but  got  so  frightened  that  he  wrote  to  Reaumur  : “ not 
for  the  imperial  crown  of  France  would  he  expose  himself  a second  time.” 
Reaumur  mentioned  the  fact  to  the  Abbot  Rollet  in  Paris,  and  he  it  was  who 
introduced  the  term  Leyden  jar.  Winkler,  Grabath,  Le  Monnier,  Bevies 
(especially  Winkler  in  Leipsig)  worked  at  the  subject.  Dr.  Bevies  conceived  the 
happy  thought  of  covering  the  outside  of  the  jar  with  tinfoil.  After  some  time 
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he  tried  to  charge  a glass  plate  covered  on  both  sides,  and  received  when  dis- 
charging it  a violent  shock.  This  caused  Watson  to  construct  for  the  firsc  time 
a perfect  Kleist,  or  Leyden  jar.  Watson  covered  earthenware  vessels  with  tin- 
foil  almost  up  to  their  edges  j he  knew  that  the  efficiency  of  the  jar  depended 
on  the  surface  of  tinfoil,  but  about  its  mode  of  action  he  had  no  notion. 

Franklin’s  Discoveries.— Benjamin  Franklin  explained  this,  and  made 
important  discoveries  regarding  the  Leyden  jar.  He  found  that  an  insulated 
ball,  after  contact  with  the  inner  coating  of  the  jar,  was  repelled  by  the  outer 
coating,  and  vice  versa.  He  suspended  a cork  ball,  which  received  its  charge 
from  the  outer  coating,  and  found  it  to  be  repelled  by  a wire  in  connection 
with  the  inner  coating  ; he  further  made  wires  from  the  outer  and  inner  coating 
come  within  an  inch  or  so  of  each  other.  Between  these  wires  he  suspended 
the  cork  ball,  which  oscillated  until  the  jar  had  lost  all  its  electricity.  On  the 
basis  of  these  experiments  Franklin  tried  to  explain  the  behaviour  of  the 
Leyden  jar.  At  the  same  time  he  laid  down  a law  of  electricity,  that  when  two 
oppositely  charged  conductors,  separated  by  an  insulator,  are  brought  near 
together  they  will  attract  each  other.  Franklin,  one  of  America’s  greatest 
citizens,  was  born  in  1706.  On  his  statue  is  the  appropriate  epitaph,  “He 
snatched  the  lightning  from  heaven,  and  the  scepter  from  tyrants.”  His  crowning 
invention  was  the  lightning  conductor.  He  thought  lightning  to  be  nothing  more 
than  an  enormous  electrical  spark,  though  he  was  not  the  first  to  entertain  this 
idea ; we  know  that  Wall,  Rollet,  and  Winkler,  in  particular,  reasoned  in  the  same 
manner;  but  he  was  the  first  to  give  clear  and  distinct  explanations,  and  to 
propose  experiments  to  prove  them.  Franklin  was  however  forestalled  in  the  ex- 
periment which  he  proposed ; the  first  who  actually  made  the  experiment  were 
the  Frenchmen,  Dalibrand  and  Delor.  Franklin,  for  the  purpose  of  verifying 
his  theories,  commenced  experiments  (1752),  which  enabled  him  to  give 
directions  for  the  practical  construction  of  lightning  conductors.  He  reasoned 
thus  : Knowing  that  lightning  and  the  sparks  produced  with  the  electrical 
machine  were  identical,  he  thought  if  it  were  possible  to  conduct  electricity  from 
the  clouds,  it  would  be  equally  possible  to  rob  it  of  its  destructive  power.  A 
spark  being  only  produced  along  a conductor  that  has  a break  in  it,  or  which  is 
too  weak  in  itself  to  render  this  electrical  spark  harmless,  it  would  only 
be  necessary  to  use  metal  rods  of  sufficient  strength,  and  to  have  them  well 
connected  with  the  earth.  Winkler,  in  Germany  (1753),  warmly  urged  the 
erection  of  lightning  conductors.  Through  his  influence  a clergyman  had  the 
first  lightning  conductor  erected  near  his  house.  Unfortunately,  the  summer  of 
1756  being  very  dry,  the  superstitious  peasantry  ascribed  it  to  this  lightning  rod, 
and  were  not  satisfied  until  they  saw  it  removed. 

Richmann’s  Death. — Professor  Richmann,  at  St.  Petersburg,  had  in  his 
room  an  insulated  iron  rod  erected  for  the  purpose  of  studying  atmospheric  elec- 
tricity. During  a thunderstorm  in  August,  1753,  Richmann  approached  to 
observe  his  rod,  when  a large  spark  or  ball  of  fire  rushed  from  it  and  killed  him 
on  the  spot.  His  engineer,  Sokoloff,  who  was  present  at  the  time,  was  thrown 
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to  the  ground,  but  recovered  after  a short  time.  De  Romas,  in  France,  experi- 
mented on  atmospheric  electricity,  but  with  greater  care.  Like  Franklin,  he 
used  a kite  of  large  dimensions.  The  line  by  which  he  held  this  electrical  kite 
had  wire  twisted  round  it,  and  terminated  in  a rope  of  silk ; to  the  extremity  of 
this  wire  rope  he  attached  a cylinder  of  sheet-iron.  With  this  apparatus  he 
obtained  remarkable  results.  In  August,  1757,  by  using  a similar  discharger,  he 
obtained  sparks  ten  feet  long.  The  sad  fate  of  Richmann  caused  great  sensa- 
tion, but  did  not  prevent  men  like  Le  Monnier,  Beccaria,  and  Cavallo  from 
continuing  their  experiments. 

The  use  of  electricity  in  medicine  was  brought  forward,  and  ways  of  measuring 
electricity  were  diligently  tried. 

Electrometers. — The  first  electrometer  was  constructed  by  John  Canton 
(who  lived  from  1718  to  1772  in  England);  it  was  the  well-known  pith-ball 
electrometer.  Several  others  constructed  electrometers  in  principle  like 
Canton’s. 

Repulsion  between  two  pith-balls  was  observed  when  a charged  body  was 
brought  near  them ; this  phenomenon  was  studied  and  explained  by  yEpinus 
and  Wilke.  They  further  proved  that  one  of  Franklin’s  notions  about  the 
Leyden  jar  was  incorrect,  for  he  attributed  the  behaviour  of  the  jar  to  the 
peculiar  structure  of  the  glass. 

Symmer’s  Theory. — The  science  of  electricity  was  advanced  not  a little 
during  the  period  of  silk  stockings.  Robert  Symmer  (1759)  used  to  wear  silk 
stockings,  and  always  two  pairs  at  a time,  one  white  and  the  other  black  ; when- 
ever he  pulled  one  pair  from  the  other  he  heard  a crackling  noise,  which  he 
attributed  to  electricity  ; he  found  also  that  stockings  of  the  same  colour 
repelled  each  other,  and  those  of  different  colours  attracted  each  other.  Although 
these  facts  proved  nothing  new,  Symmer  was  led  to  take  up  again  Du  Fay’s  theory, 
that  there  are  two  different  kinds  of  electricity.  To  prove  his  theory  Symmer 
could  only  think  of"*  one  experiment.  He  sent  a spark  through  paper  and 
examined  the  perforation.  The  edges  of  the  hole  which  the  spark  had  made 
were  turned  up  on  both  sides  of  the  paper.  According  to  Franklin’s  theory, 
this  fact  could  not  very  well  be  explained  : Symmer  explained  it  by  assuming 
that  “ in  an  electric  discharge  two  streams  of  electricity  flow  in  opposite  direc- 
tions.” Although  he  could  only  propose  this  one  experiment  to  maintain  his 
theory,  electricians  considered  it  conclusive.  Franklin  was  kind  enough  to  send 
Symmer  an  apparatus  which  he  thought  might  aid  him  in  establishing  his  theory, 
though  opposed  to  his  own.  Symmer’s,  or  rather  Du  Fay’s  theory,  received 
further  support  by  Lichtenberg’s  discovery  of  electrical  dust  figures  in  1777. 
These  dust  figures  assume  different  shapes  when  first  produced  by  positive,  and 
then  by  negative  electricity,  and  vice  versa.  Lichtenberg  also  introduced  the 
terms  + and  - . 

The  charging  of  coated  insulators  and  the  improvement  of  measuring  in- 
struments now  received  attention.  Volta  constructed  the  electrophorus,  which 
led  him  on  to  the  discovery  of  the  condenser,  an  instrument  which  condenses 
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or  accumulates  electricity.  Volta,  in  1781,  also  devised  the  straw  electroscope. 
Both  Bennet  and  Volta  thought  of  using  the  condenser  and  electroscope 
combined. 

Coulomb’s  Balance. — After  Coulomb’s  researches,  nothing  was  added 
to  the  knowledge  of  statical  electricity  for  a considerable  time.  Charles 
Augustin  de  Coulomb  (born  in  June,  1736)  published  in  1784  the  results  of 
his  celebrated  researches  on  the  force  of  torsion  and  elasticity  of  metal  wires. 
He  constructed  shortly  afterwards  the  torsion-balance,  an  instrument  still  in  use. 

Animal  Electricity. — Some  electrical  phenomena  in  the  animal  kingdom 
next  received  attention.  Reaumur  (about  1714)  pointed  out  that  the  electrical 
shad-fish  was  capable  of  imparting  violent  shocks.  These  he  attributed  to  the 
muscular  power  of  the  animal’s  tail.  It  was  afterwards  assumed  that  these 
shocks  might  be  of  an  electrical  nature,  and  this  was  proved  experimentally 
by  Dr.  John  Walsh  in  1772.  .He  experimented  on  the  electrical  shad-fish,  and 
showed  that  in  order  to  obtain  the  shock  the  fish  must  be  touched  on  both 
sides  at  the  same  time.  Many  experiments  in  different  directions  were  made 
to  solve  the  problem  as  to  the  source  of  the  electricity  of  the  torpedo  and 
electric  eel,  but  even  up  to  the  present  time  much  uncertainty  prevails. 

Galvani  and  Volta. — Luigi  Alvisio  Galvani  (born  1737)  made  some 
important  discoveries  through  noticing  the  motions  of  a frog’s  leg.  When  pub- 
lished, his  experiments  and  explanations  were  much  talked  of,  and  a scientific 
war  commenced  between  Galvani’s  and  Volta’s  followers.  Alessandro  Volta  was 
born  1745,  and  first  published  the  results  of  his  researches  between  1769  and 
1771 ; this  brought  his  name  before  the  public.  Poverty  and  disease  prevented 
Galvani  from  following  up  his  discoveries.  Volta  made  experiment  after  experi- 
ment, which  ultimately  resulted  in  the  discovery  of  the  pile.  In  1800  he 
informed  the  Royal  Institution,  London,  of  his  invention.  The  value  of  Galvani’s 
and  Volta’s  discoveries  is  best  understood  in  following  the  further  growth  of 
that  particular  branch  of  electrical  science  which  is  termed  Galvanism.  Volta 
and  Galvani  no  doubt  laid  the  foundation,  but  to  complete  the  structure  required 
such  men  as  Oersted,  Ampere,  and  Faraday. 

Oersted’s  Discovery. — It  has  been  said  that  an  apple  falling  to  the 
ground  caused  the  discovery  of  the  law  of  gravitation ; the  motion  of  a frog’s 
leg  led  to  the  discovery  of  galvanism ; chance  led  Oersted  to  observe  the 
influence  an  electrical  current  has  on  the  magnetic  needle.  Are  all  these 
discoveries  to  be  attributed  to  chance  only  ? and  how  is  it  to  be  explained  that 
these  so-called  chances  only  happen  with  great  men  ? Whewell  says,  in  his 
“ History  of  Inductive  Science,”  “ These  accidents,  if  accidents  at  all,  are 
more  like  the  spark  that  sends  the  charge  of  a gun  to  a directed  aim.” 

Hans  Christian  Oersted  was  born  1777;  his  most  important  discovery  was 
that  of  electro-magnetism  (1819).  Oersted’s  discovery  explains  the  behaviour  of 
iron  rods  through  which  lightning  had  passed,  and  also  explains  the  polarisation 
of  magnetic  needles.  Ampfere  took  great  interest  in  Oersted’s  discoveries,  and 
through  them  was  finally  led  to  his  celebrated  theory  of  electro-dynamics. 


Magnetism- 


9 


Ampere’s  theory  was  not  so  readily  accepted  by  his  contemporaries  as  might 
have  been  expected.  In  1822  Schweigger  constructed  a galvanometer,  and  Pro- 
fessor Seebeck  discovered  thermo-electricity.  George  Simon  Ohm,  born  1787, 
laid  down  a law  (1827)  for  galvanic  circuits,  and  Arago  (1824)  published  the 
res\ilts  of  his  researches  on  the  magnetism  of  rotation. 

Properly  speaking,  the  early  history  of  electricity  comes  to  a close  here,  and 
the  science  of  electricity  commences  with  the  results  of  the  researches  of  Davy 
and  Faraday.  The  one  who,  as  it  were,  prepared  the  ground  was  Sir  Humphry 
Davy  (born  1778).  His  researches  regarding  the  influence  of  the  electrical 
current  on  chemical  compounds  were  begun  in  1806,  and  led  him  to  the  decom- 
position of  the  alkaline  earths  and  the  discovery  of  the  alkaline  metals.  Chlorine 
was  found  to  be  an  element,  and  the  products  of  decomposed  bodies  to  have 
electro-positive  and  electro-negative  properties.  This  observation  led  to  the 
electro-chemical  theory.  Although  water  was  decomposed  by  Carlisle  and 
Nicholson  in  1800,  no  proper  explanation  of  the  result  could  be  furnished. 
Davy,  however,  proved  water  to  consist  of  oxygen  and  hydrogen  only. 

We  owe  to  Faraday,  his  pupil,  the  further  working  out  of  Davy’s  notions. 
.Michael  Faraday  (born  1791)  was  no  doubt  one  of  the  greatest  physicists 
that  ever  lived.  We  need  not  go  into  the  details  of  his  discoveries  in  many 
other  branches  of  science.  For  us,  his  name  is  chiefly  associated  with  the  laws 
of  electro-statics  and  magneto-electric  induction.  The  enormous  importance  of 
this  discovery  of  induction  may  easily  be  seen  by  pointing  to  the  present  con- 
dition of  electro-technics,  i.e.  to  the  telegraph,  telephone,  and  dynamo  machine. 

Faraday  substituted  the  term  electrode  for  pole,  naming  the  positive  electrode 
the  anode,  and  the  negative  electrode  the  kathode,  when  speaking  of  the  volta- 
meter, by  means  of  which  he  discovered  the  laws  of  electrolysis  in  1853. 


MAGNETISM. 

The  Loadstone. — There  is  a certain  ore  in  nature  termed  by  mineralogists 
magnetite,  which  possesses  certain  remarkable  properties.  If  we  take  a piece  of 
this  ore  which  has  been  shaped  a little,  and  plunge  it  into  iron  filings,  fringes  of 
the  filings  adhere  to  it  in  two  places.  If  we  suspend  it,  so  that  it  can  turn 
freely,  as  by  placing  it  in  a chair  or  saddle  of  paper  hung  by  a fine  thread,  or  by 
floating  it  on  cork,  it  sets  itself  with  these  places,  pointing  nearly  north  and 
>outh.  All  these  properties  we  imply  when  we  call  it  a loadstone,  or  natural 
magnet.  If  we  draw  the  part  of  the  loadstone  where  the  filings  adhered  three 
or  four  times  along  a small  sewing-needle,  it  communicates  its  properties  to 
the  needle.  The  loadstone  gives  the  needle  some  power  it  had  not  before.  We 
describe  what  we  have  done  to  the  needle  by  saying  we  have  magnetised  it,  or 
have  imparted  magnetism  to  it.  Hence  we  have  tiatural  magnets  like  the 
loadstone,  and  artificial  magnets  like  the  sewing-needle.  For  the  future  we 
shall  employ,  in  the  place  of  our  irregularly-shaped  natural  magnet,  a regular  bar 
of  steel,^  made  a magnet  by  being  drawn  across  another  magnet.  An  artificial 
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magnet,  such  as  this  bar  magnet,  possesses  the  same  three  properties  as  the 
loadstone:  x.  It  attracts  iron.  2.  When  suspended,  it  sets  in  a particular 

direction.  3.  When  we  draw  it  along  a piece  of  steel,  it  makes  the  steel  a 
magnet. 

The  Poles  of  a Magnet. — Some  simple  experiments  will  help  us  to 
e.xamine  more  clearly  these  magnetic  phenomena.  Fig.  2 represents  an  iron 

ball  suspended  by  a silk 
thread  from  a wooden  stand. 
If  we  bring  near  this  iron 
ball  a magnet,  the  iron  ball 
is  attracted  by  it,  and  held 
m contact.  If  we  substitute 
other  substances,  as  stone 
or  brass,  for  the  iron,  the 
magnet  exercises  no  power 
over  them.  If  we  now 
suspend  the  magnet  in  the 
same  way,  and  bring  a piece 
of  iron  near  it,  the  magnet 
moves  towards  the  piece  of 
iron.  From  these  experi- 
ments we  conclude  that  the 
iron  and  the  magnet  attract 
each  other,  but  that  the 
magnet  is  not  influenced 
by  other  substances.  It  we  now  bring  our  iron  ball  near  different  parts  of  the 
magnet,  we  soon  observe  that  the  two  ends  of  the  magnet  influence  the  iron 
ball  at  a considerable  distance,  whilst  the  centre  of  the  magnet  has  no  power 


over  the  ball  The  magnetism  is  thus  not  evenly  distributed  over  the  bar. 
The  law  of  distribution  of  magnetism  along  the  magnet  is  roughly  shown  by 
plunging  the  magnet  in  iron  filings,  when  they  adhere  to  it  in  the  manner  shown 
in  Fig.  3.  The  fringe  of  iron  filings  is  thickest  at  the  ends  of  the  magnet, 
while  in  the  centre  there  are  none.  The  extremities  of  the  magnet  are  termed 
poles ; the  space  indicated  by  the  line  m is  termed  the  neutral  line,  or 
neutral  zone. 

Declination.— We  further  observe  that  our  suspended  magnet  (free  to 
turn)  takes  up  a definite  position  relatively  to  the  earth.  The  pole  pointing 
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Fig.  4. — Declination  Needle. 


towards  the  north  pole  of  the  earth  we  term  the  north-seeking  pole,  and  that 
pointing  to  the  south  we  term  the  south-seeking  pole.  Exact  measurements, 
however,  have  shown  this  direction  not  to  be  exactly  north  and  south ; and  the 
angle  contained  by  the  magnetic  needle 
and  the  true  meridian  is  called  the  decli- 
nation. 

Inclination,  or  Dip.  — We  find, 
further,  that  the  suspended  magnet  does 
not  remain  horizontal ; the  angle  which  the 
axis  makes  with  the  horizontal  plane  is  the 
dip,  or  inclination.  In  our  latitudes  the 
north-seeking  pole  points  downward. 

Declination  and  inclination  vary  with 
time  and  place.  The  magnetic  declination, 
for  example,  at  Vienna  at  present  is  : 10° 

W. ; inclination,  63°.  At  Berlin  declina- 
tion is  12°  ; inclination,  67".  The  declination  for  Europe,  Africa,  and  the 
Atlantic  Ocean  is  west;  that  is,  the  north-seeking  pole  of  the  needle  points 
west  of  true  north.  The  declination  for  America  and  Eastern  Asia  is  east 
In  the  northern  hemisphere  the  north^seeking  pole 
points  downward ; in  the  southern,  the  south-seeking 
pole  points  down. 

Magnetic  Needles. — The  form  of  a magnetic 
needle  arranged  to  show  the  declination  is  repre- 
sented in  Fig.  4,  where  the  needle  moves  upon  a 
perpendicular  axis  or  pivot  a b.  A dipping  needle 
arranged  to  show  the  inclination  is  shown  in  Fig.  5, 
where  the  needle  s n turns  upon  the  horizontal 
axis  a b.  Fig.  6 represents  a simple  compass.  It 
consists  of  a magnetic  needle  resting  on  a steel  pivot, 
protected  by  a brass  case  covered  with  glass,  and  a 
graduated  circle  marked  with  the  letters  N,  S,  E,  W, 
to  indicate  the  cardinal  points  ; ab  \s  a lever  which 
arrests  the  needle  by  pushing  it  against  the  glass  when 
the  button,  d,  is  pressed.  The  mariner’s  compass  is 
more  complicated ; it  generally  consists  of  a card 
pivoted  on  a vertical  axis,  and  directed  by  having  on  its  lower  surface  two  or 
more  parallel  magnets.  The  upper  surface  of  the  card  is  divided  into  degrees, 
and  also  into  thirty-two  parts  of  iij°  each.  The  presence  of  any  iron  or  steel 
in  the  neighbourhood  of  the  compass  alters  the  direction  of  the  magnetic  force, 
and  causes  what  is  termed  a deviation  of  the  north  and  south  line  from  the 
magnetic  meridian. 

Mutual  Action  of  Magnets. — It  has  been  said  that  a magnet  possesses 
the  power  of  attracting  iron,  the  force  with  which  it  does  this  being  strongest. 
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nearest  the  poles,  and  diminishing  towards  the  middle  until  it  becomes  zero. 
There  is  no  difference  between  the  poles  of  a magnet  in  this  respect,  but  there 
is  a further  action  between  magnets,  which  we  now  proceed  to  describe. 

Having  marked  the  north-seeking  end  of  two  magnets,  let  us  suspend  one  of 
them.  If  we  bring  a piece  of  soft  iron  first  to  one  end  and  then  to  the  other, 
we  find  that  it  is  attracted  at  both.  Now  take  up  the  other  magnet,  and  present 
its  marked  end  to  the  marked  pole  of  the  suspended  magnet.  The  resulting 
action  is  not  attraction,  but  repulsion.  If  we  turn  the  unmarked  end  to  the 
unmarked  end,  the  one  repels  the  other,  as  before.  If  we  next  bring  the 
marked  end  of  one  to  the  unmarked  end  of  the  other,  we  get  attraction  and  not 
repulsion. 

Hence,  there  is  a difference  in  the  actions  on  a suspended  magnet  of  a non- 
magnetised  piece  of  iron  and  of  another  magnet.  The  non-magnetised  piece  of 

iron  attracts  both  poles,  but  the 
action  between  two  magnets  is  not 
quite  so  simple.  Between  mag- 
nets similar  poles  repel,  but  dis- 
similar poles  attract ; thus  the 
north-seeking  end  repels  the  north- 
seeking end,  the  south-seeking  end 
repels  the  south-seeking  end,  while 
the  north-seeking  end  attracts  the 
south-seeking  end,  and  vice  versa. 

The  Earth  a Magnet. — 
This  difference  between  the  poles 
accounts  for  the  fact  that  when  a magnet  is  free  to  move  it  invariably  takes  the 
position  pointing  north  and  south.  Since  magnets  at  most  parts  of  the  earth 
tend  to  take  up  this  position,  it  follows  that  the  earth  itself  must  possess  a 
distinct  magnetic  north  pole  and  a magnetic  south  pole.  Careful  experiments  at 
various  parts  of  the  earth,  however,  have  proved  that  the  magnetic  poles  of  the 
earth  do  not  correspond  with  its  geographical  poles,  the  magnetic  north  pole 
being  situated  in  lat.  70°  5'  N.,  and  long.  96°  46'  W.,  or  to  the  north-west  of 
Hudson’s  Bay.  The  magnetic  south  pole  of  the  earth  has  never  been  reached, 
for  it  is  situated  somewhere  within  the  enormous  ice-cap  which  surrounds  the 
south  geographical  pole. 

Here  we  encounter  a difficulty  ; it  follows  from  what  we  have  stated  that  the 
magnetism  of  the  magnetic  north  pole  must  be  opposite  in  character  to 
that  of  the  north-seeking  end  of  the  magnet,  and  similar  to  that  of  the  south- 
seeking end.  In  what  terms,  then,  are  we  to  distinguish  between  these  opposite 
kinds  of  magnetism  ? We  cannot  at  the  same  time  call  both  the  north-seeking 
pole  of  a magnet  and  the  pole  of  the  earth  to  which  it  points  north  poles,  for 
the  poles  that  attract  each  other  are  dissimilar.  There  are  various  methods  of 
getting  over  this  difficulty,  but  as  they  always  lead  to  some  complication  or 
confusion,  we  shall  merely  refer  to  the  ends  of  the  magnet  as  north-  and  south- 
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seeking  ends,  and  ask  the  student  to  bear  in  mind  that  the  north  magnetic  pole 
of  the  earth  and  the  north-seeking  pole  of  a magnet  have  magnetic  properties  of 
opposite  character — they  are  dissimilar  poles. 

Magnetic  and  Magnetised  Bodies. — The  behaviour  of  magnets 
towards  one  another  enables  us  to  ascertain  the  magnetic  condition  of  any  piece 
of  iron.  First  present  the  north-seeking  end  of  the  magnet  and  then  the  south- 
seeking end  to  the  piece  of  iron ; if  the  piece  of  iron  attracts  both  poles,  it  is 
unmagnetised,  that  is,  it  is  not  a magnet ; but  if  it  attracts  either  of  the  poles 
of  the  magnet,  and  repels  the  other,  then  it  is  a magnet  having  a north-seeking 
and  a south-seeking  magnetic  pole. 

Magnetic  Induction  and  Distribution. — If  we  continue  and  vary  the 
above  experiment  we  find  that  a piece  of  soft  iron  in  the  presence  of  a magnet 
is  not  only  attracted,  but  becomes  a magnet  itself,  capable  of  attracting  another 
piece,  which  again  might  attract  a third  piece  of  iron,  and  so  on ; only  the 
magnetic  strength  of  each  succeeding  piece  is  less  than  that  of  the  preceding 
one.  On  the  magnet  being  withdrawn,  all  these  pieces  of  iron  become 
detached  from  each  other,  showing  that  they  were  only  magnetised  when 
the  first  piece  touched  the  magnet.  Again,  if  we  suspend  an  iron  bar 
over  a surface  covered  with  iron  filings,  the  filings  and  iron  bar  have  no 
action  upon  each  other  ; but  if  we  now  suspend  a magnet  over  the  iron  bar  the 
filings  are  attracted  by  the  iron  bar  even  when  it  does  not  touch  the  magnet. 
This  effect  is  not  lessened  by  placing  between  bar  and  magnet  a sheet  of  glass, 
wood,  or  pasteboard.  The  filings,  however,  fall  from  the  bar  immediately  on 
the  magnet  being  withdrawn.  If  we  want  to  ascertain  the  magnetic  condition 
of  the  bar  of  iron  whilst  the  magnet  is  above  it,  we  can  do  so  by  means 
of  a declination  needle,  and  we  find  that  the  pole  nearest  the  north-seeking 
pole  of  the  magnet  exhibits  north  magnetism,  and  the  opposite  pole  south 
magnetism. 

From  this  we  see  the  bar  of  iron  has  become  a magnet  for  the  time  being, 
without  actually  being  touched  by  the  magnet.  During  all  these  experiments  the 
original  magnet  may  be  observed  to  have  lost  nothing  of  its  power.  It  is 
neither  weakened  by  being  used  to  magnetise  a piece  of  steel,  nor  by  acting 
inductively  on  soft  iron.  When  pieces  of  iron  are  brought  near  a magnet,  the 
magnetism  of  the  magnet  does  not  flow  over  to  the  piece  of  iron,  but  the  latter 
becomes  a magnet  by  induction.  The  vertical  bars  of  iron  railings  often  be- 
come magnetised  in  our  latitudes,  the  lower  ends  having  north-seeking  mag- 
netism and  the  upper  ends  south-seeking  magnetism.  The  magnetism  of  the 
earth  in  the  northern  hemisphere  causes  the  lower  end  to  exhibit  north-seeking 
magnetic  properties,  whilst  south-seeking  magnetic  properties  are  exhibited  at 
its  upper  end. 

Magnetism  not  a Fluid. — If  magnetism  were  some  kind  of  fluid  which 
flowed  over  from  the  one  body  to  the  other  during  the  process  of  magnetisation, 
we  should  have  observed  some  signs  of  magnetisation  in  the  wood,  glass,  or 
I>asteboard  sheet  which  we  placed  between  the  iron  bar  and  the  magnet ; 
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but  these  did  not  show  the  slightest  signs  of  magnetisation.  Again,  the  piecp 
of  iron  magnetised  could  have  only  one  kind  of  magnetism,  depending  upon 
which  pole  of  the  magnet  touched  or  was  near  the  piece  of  iron ; but  this 
we  observed  was  not  the  case.  Lastly,  the  magnet  would  lose  some  of  its  powei 
at  each  experiment,  and,  on  the  other  hand,  the  piece  of  iron  would  give  signs 
of  magnetisation  when  removed  from  the  magnet,  at  least  for  some  time. 

The  phenomena  observed  in  the  preceding  experiments  may  be  explained  by 
supposing  that  every  piece  of  iron  consists  of  little  molecules,  each  of  which  is  a 


Fig.  7. — Magnetic  Induction. 


perfect  magnet,  but  that  when  the  iron  is  unmagnetised  these  molecules  have 
their  axes  pointing  in  so  many  various  directions  that  they  neutralise  each  other’s 
effects  on  external  bodies.  When  magnetised,  great  numbers  of  the  molecules 
are  drawn  round  by  the  magnetising  forces  with  all  their  north-seeking  poles  in 
one  direction,  and  all  their  south-seeking  poles  in  the  opposite  direction. 
After  the  magnetising  force  is  removed,  the  molecular  rigidity  of  the  iron 
prevents  many  of  the  molecules  springing  back  to  their  former  position,  and  the 
harder  the  iron  is  the  more  is  this  the  case.  Consequently,  with  hard  iron  and 

steel,  the  set  of  the  molecules 
more  or  less  persists,  and  the 
piece  of  iron  now  permanently 
exhibits  magnetic  properties. 

The  phenomenon  of  the  at- 
traction of  soft  iron  by  a magnet 
is  in  this  way  easily  explained. 
If  we  bring  a magnet  near  to  or 
in  contact  with  a piece  of  soft 
iron  a b (Fig.  7),  the  magnetic 
molecules  of  the  soft  iron  are 
rotated  so  that  their  south-seek- 
ing poles  point  towards  the  north- 

Fig.  8.-Magnetic  Curves.  seeking  pole  N of  the  magnet. 

The  piece  of  iron  thus  becomes, 

tor  the  time,  a magnet  with  a south-seeking  pole  near  n.  When  the  magnet 
N s is  removed,  the  molecules  resume  very  nearly  their  original  position,  because 
of  the  low  molecular  rigidity  of  soft  iron. 

Lines  of  Force.— This  will  also  explain  the  position  iron  filings  take  up 
when  placed  on  a surface  which  is  influenced  by  a magnet  If  a small  suspended 
magnet  be  carried  round  a large  bar  magnet,  it  is  rotated  in  exactly  the  same 
way  as  the  magnetic  molecules  in  the  bar  of  soft  iron,  with  the  result  that 
the  small  magnet  takes  up  a definite  direction  for  each  position.  A cune 
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drawn  so  that  each  of  these  directions  of  the  needle  forms  a tangent  to  it  is 
termed  a curve  of  force. 

A much  readier  method  of  showing  these  curves  or  lines  of  force  is  to  place 
a bar  or  horse-shoe  magnet  under  a sheet  of  paper,  and  sprinkle  iron  filings  over 
it.  The  filings  will  arrange  themselves  as  they  rebound  from  the  paper  and  come 
to  rest  in  a series  of  beautifully  regular  curves,  which  were  first  termed  lines  or 
curves  of  force  by  Faraday.  Fig.  8 exhibits  the  manner  in  which  the  filings 
arrange  themselves  about  a horse-shoe  magnet.  Different  curves  may  be 
obtained  by  placing  two  magnets  side  by  side  with  unlike  poles  adjacent,  side 
by  side  with  like  poles  adjacent,  also  by  placing  the  magnets  end  to  end  instead 
of  side  by  side  and  so  on. 

Another  illustration  of  the  magnetic  induction  that  leads  to  the  arrangement 
of  the  filings  in  the  form  of  curves  may  be 
shown  by  the  following  experiment.  {See 
Fig-  9-) 

If  two  pieces  of  iron  are  suspended  by 
means  of  silk  threads,  on  the  north-seeking 
pole  of  a magnet  being  brought  near  them 
they  become  magnetised,  and  in  both  we  find 
the  north  - seeking  pole  farthest  from  the 
north-seeking  pole  of  the  magnet,  the  south- 
seeking pole  nearest  the  north-seeking  pole  of 
the  magnet.  Since  similar  poles  repel  each 
other,  it  follows  that  the  suspended  pieces  of 
iron  diverge.  The  filings  in  the  magnetic  curve 
represent  such  magnetised  pieces  of  iron,  each 
in  turn  becomes  a magnet,  and  the  magnetic 
curves  must  diverge  exactly  like  the  bars  in 
our  illustration. 

It  has  been  ascertained  by  experiment  that 
in  soft  iron  the  rotation  of  the  molecules  takes 
place  easily.  When  under  the  influence  of  a 
magnet,  a bar  of  soft  iron  becomes  a magnet  quickly  itself,  but  it  becomes 
demagnetised  as  quickly  when  the  influencing  magnet  is  removed.  Unannealed 
iron  and  steel,  on  the  other  hand,  do  not  become  entirely  demagnetised 
when  the  influencing  magnet  is  removed.  The  magnet  made  of  soft  iron 
IS  termed  a temporary  magnet,  and  the  steel  magnet  a permanent  one.  No 
ordinary  piece  of  iron  after  once  being  magnetised  loses  all  its  magnetism, 
and  no  piece  retains  the  maximum  amount  of  induced  magnetism.  The  mag- 
netism which  actually  remains  is  called  residual  magneiisin.  The  cause  of  this 
phenomenon  appears  to  be  some  kind  of  molecular  resistance  which  occurs  among 
the  particles  of  the  iron,  and  this  force,  which  opposes  magnetisation  or  de- 
magnetisation, is  termed  coercive  force.  The  kind  of  iron  or  steel  in  which  this 
force  is  greatest  retains  its  magnetism  best 


Fig.  9- — Magnetic  Double  Pendulum. 
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Theory  as  to  the  Constitution  of  Magnets We  might  find  an 

explanation  of  some  of  the  facts  we  have  observed  by  the  assumption  that  there 
is  some  kind  of  fluid,  or  ether,  or  whatever  we  like  to  call  it,  flowing  from  one 
magnet  to  the  other ; but  the  phenomena  of  induction  have  shown  us  the 
impossibility  of  such  an  assumption.  The  following  facts  will  lead  us  to  a more 
satisfactory  explanation  of  the  constitution  of  magnets.  If  we  break  a long, 
thin  magnet,  such  as  a magnetised  knitting-needle,  at  the  middle,  or  neutral 
line,  we  obtain  two  magnets,  each  of  which  has  a north-  and  a south^eeking 
pole.  Let  these  two  pieces  be  again  broken,  then  each  of  the  smaller  pieces 
thus  obtained  will  be  a magnet,  both  its  ends  attracting  filings,  while  the  north- 
seeking pole  points  in  the  same  direction  as  the  north-seeking  pole  of  the 
original  magnet,  and  the  south  seeking-pole  in  the  same  direction  as  the  south- 
seeking pole  in  the  original  magnet,  as  shown  in  Fig.  lo.  If  we  consider  this 
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Fig.  lo. — Effect  of  Breaking  a Magnet. 

to  be  continued  till  the  portions  become  infinitely  small,  we  are  led  to  the 
conclusion  that  a magnet  consists  of  little  parts,  or  molecules,  each  of  which 
possesses  a north-  and  a south-seeking  pole,  and  that  all  the  north-seeking  poles 
lie  in  one  direction,  and  all  the  south-seeking  poles  in  the  opposite  direction 
There  is  a free  north-seeking  pole  at  one  end,  and  a free  south-seeking  pole  at 
the  other,  but  every  intermediate  north-seeking  pole  is  neutralised  by  the 
presence  of  an  adjacent  south-seeking  pole. 

According  to  this  theory,  it  is  not  difficult  to  explain  the  different  magnetic 
phenomena  we  have  noticed,  as,  for  instance,  the  action  of  magnetic  induction. 
If  we  bring  a piece  of  iron  near  the  south-seeking  pole  of  a magnet,  all  the 
south-seeking  ends  of  the  molecules  of  the  magnet  are  directed  towards  the  piece 
of  iron,  and  as  they  are  nearer  than  their  north-seeking  poles,  their  influence 
therefore  prevails.  The  molecules  which  are  first  scattered  through  the  iron  with 
their  poles  pointing  in  all  directions,  when  under  induction  turn  their  north- 
seeking poles  towards  the  magnet.  The  end  of  the  piece  of  iron  nearest  the 
magnet  will  exhibit  magnetism  opposite  to  that  of  the  pole  to  which  it  is  presented. 
According  to  this  view,  magnetisation  is  nothing  more  than  a determinate  position 
of  all  the  molecular  magnets,  all  their  north-seeking  poles  pointing  in  one 
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direction,  whilst  their  south-seeking  poles  point  in  the  opposite  direction.  A 
piece  of  iron  is  in  an  unmagnetised  condition  when  the  molecules  assume 
various  and  mixed  directions.  This  may  be  proved  by  a simple  experiment.  If 
we  nearly  nil  a glass  tube  with  steel  filings  which  have  been  magnetised,  and 
pass  the  pole  of  a magnet  along  the  tube  several  times,  the  tube  of  filings  will 
behave  like  any  ordinary  bar  magnet.  The  filings  are  now  turned  with  their 
poles  facing  the  same  way,  but  if  we  now  shake  the  filings  in  the  tube  it  loses 
its  magnetism,  as  the  poles  of  the  particles  of  filings  are  no  longer  turned  in  the 
same  direction.*  In  the  same  simple  manner  the  existence  of  the  neutral  zone 
may  be  explained.  When  we  bring  a piece  of  iron  near  the  middle  of  a magnet, 
as  at  M M (Fig.  3)  it  is  not  influenced,  because  there  are  an  equal  number 
of  particles  on  each  side  of 
that  line  having  poles  pro- 
ducing equal  and  opposite 
effects. 

According  to  Ampbre’s 
theory',  the  magnetism  of  the 
molecules  is  caused  by  elec- 
tric currents  which  circulate 
in  them;  this  we  shall  con- 
sider in  a later  chapter. 

Methods  of  Making 
Magnets. — Pieces  of  steel  Fig-  n- — Single  Touch, 

and  iron,  as  we  have  pre- 
viously stated,  may  be  turned  into  magnets,  the  former  into  permanent,  the 
latter  into  temporary  magnets.  There  are  three  methods  of  magnetising  steel 
by  permanent  magnets  ; they  are  termed  single  touch,  double  or  divided  touch, 
and  circular  touch.  Electric  methods,  however,  are  now  usually  employed. 

Single  Touch. — Place  one  pole  of  a magnet  at  the  middle  of  the  piece 
of  steel  to  be  magnetised,  as  shown  in  Fig.  1 1.  Then  draw  the  magnet  from 
the  middle  towards  the  end  of  the  piece  of  steel ; repeat  this  several  times, 
but  take  the  magnet  off  at  every  stroke,  and  always  draw  the  magnet  "from 
the  middle  towards  the  end  of  the  piece  of  steel.  In  this  case  we  obtain 
a south-seeking  pole  at  the  end  of  the  bar  at  which  the  north-seeking  pole 
of  the  magnet  is  drawn  off,  all  the  south  poles  of  the  molecules  of  the  steel 
being  turned  towards  this  end.  Next  take  the  second  pole  of  the  magnet  (in  our 
case  the  south-seeking  pole),  and  place  it  in  the  middle  of  the  steel,  and  draw 
It  along  the  bar  in  the  opposite  direction ; we  shall  thus  obtain  a north-seeking 

• The  following  experiment  favours  this  hypothesis.  A glass  cylinder  is  fitted  with  flat  glass 
ends,  and  is  filled  with  water  in  which  magnetic  oxide  of  iron  is  diffused.  A coil  of  insulated  wire  is 
wound  round  the  cylinder.  On  looking  at  a light  through  the  ends,  the  liquid  appears  muddy,  and 
very  little  light  can  get  through  ; but  when  a current  of  electricity  traverses  the  wire,  the  liquid 
appears  clearer  and  more  light  passes.  The  reason  is  that  the  particles  of  the  oxide  on  being  mag- 
netised arrange  themselves  so  that  their  lengths  are  in  the  direction  of  the  axis  of  the  cylinder,  and 
so  they  obstruct  less  light. 
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pole.  The  magnet,  during  the  operation,  does  not  lose  any  of  its  power.  It 
is  a matter  of  indifference  which  of  the  poles  is  taken  first.  The  same  result 
may  be  obtained  in  several  other  ways ; for  instance,  by  placing  two  magnets 
on  the  steel  and  drawing  them  simultaneously  from  the  middle  towards  the 
ends  of  the  steel. 

Double  or  Divided  Touch. — Arrange  the  bar  of  steel  and  magnets 
as  shown  in  Fig.  12.  The  magnets  make  an  angle  of  about  20°  with  the 
steel  bar,  and  between  them  is  a piece  of  wood,  shaped  as  in  the  figure ; now 
move  magnets  and  wood  from  the  middle  towards  one  end  of  the  steel  bar, 
then  back  again  to  the  middle,  and  from  the  middle  towards  the  other  end 
of  the  bar ; repeat  this  until  the  bar  seeins  to  take  up  no  more  magnetism,  then 
take  off  both  magnets  at  the  same  time,  but  from  the  middle.  A horse-shoe 
may  also  be  used  instead  of  the  bar  magnets. 

Circular  Touch. — Let  four  bars  be  placed  in  the  form  of  a rectangle  (or 
two,  that  have  the  shape  of  a horse-shoe,  in  an  oblong).  Place  a magnet  at 


Fig.  12. — Divided  Touch. 

any  point  and  draw  it  round  the  figure.  Take  off  the  magnet  exactly  where 
you  commenced,  and  at  that  spot  you  will  have  a pole  opposite  to  the  pole  of 
the  magnet  you  operate  with.  The  circular  stroke  may  be  used  upon  one  bar 
only,  having  the  shape  of  a horse-shoe,  if  provided  with  an  armature,  which  is  a 
piece  of  soft  iron. 

The  chemical  composition,  hardness,  and  dimensions  of  the  piece  of  steel  to 
be  magnetised  ought  to  be  taken  into  consideration,  in  deciding  the  method  to 
be  adopted.  After  a piece  of  steel  has  received  a certain  number  of  strokes 
with  a magnet  of  a certain  power,  it  becomes  a permanent  magnet,  and  is  said 
to  be  saturated.  This,  however,  does  not  mean  that  the  piece  might  not  be 
made  more  powerful  by  using  a more  powerful  magnet.  Again,  the  strength  of 
magnetism  produced  cannot  be  extended  beyond  a certain  limit,  no  matter  how 
powerful  the  magnet  we  use.  This  limit  is  called  the  maximum  of  saturation. 
The  hardness  of  the  steel,  the  manner  in  which  it  has  been  hardened,  and  the 
amount  of  carbon  in  it,  influence  the  limit  to  which  it  can  be  magnetised.  The 
magnetism  is  increased  when  the  steel  is  rich  in  carbon,  and  when  it  is  very 
hard.  When  the  steel  is  without  carbon  its  hardness  greatly  influences  the 
result ; when  rich  in  carbon,  this  influence  of  its  hardness  is  not  so  great 
The  tempering,  etc.,  of  the  steel  is  also  to  be  taken  into  consideration.  Owing 
to  these  and  other  causes,  it  is  impossible  to  lay  down  exact  rules  for  the 
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production  of  powerful  magnets.  According  to  Jamin,  hard  steel,  rich  in  carbon, 
is  best  for  permanent  magnets.  Cast  iron  is  capable  of  receiving  permanent 
magnetism,  but  its  maximum  of  saturation  is  not  great. 

Bars  of  steel  often  become  magnetised  by  hammering,  friction,  etc.  The 
magnetism  in  a piece  of  steel  is  weakened  by  heating  the  steel,  entirely 
destroyed  by  heating  the  steel  to  redness,  and  somewhat,  increased  by  plunging 
the  hot  steel  in  cold  water. 

That  magnetism  is  not  only  distributed  along  the  surface  of  a body-,  but 
enters  it  more  or  less  according  to  the  constitution  of  the  body,  has  been  shown 
by  Jamin  in  his  experiments  with  corrosives.  He  found  that  a magnet  may 
possess  several  layers  of  magnetism,  differing  from  each  other,  and  he  obtained 
what  he  termed  abnormal  magnets,  that  is,  magnets  with  two  north  poles,  or 
two  south  poles.  He  took  a normal  magnet,  magnetised  its  outer  layer  oppo- 
sitely to  the  inner,  so  that  he  had  now  a south  pole  where  formerly  there  was  a 
north  pole.  The  new  north  pole  of  his  magnet  was  brought  into  contact  with 
some  acid,  which  removed  the  outer  layer  of  the  magnet.  When  examined, 
this  end  showed  its  original  magnetism,  that  is,  south.  The  remaining  pole  of 
the  magnet,  that  is,  the  south  pole,  was  not  put  into  acid,  and  it  remained  south. 
This  magnet,  then,  had  two  south  poles.  Abnormal  magnets  are  .obtained 
through  irregular  stroking  with  different  poles.  The  different  poles  in  such  a 
magnet  are  called  consequent  or  consecutive  poles. 

Lifting  Power  of  a Magnet. — The  lifting  power  of  a magnet  may 
be  ascertained  by  hanging  weights  from  a properly-fitting  armature  until  the 
armature  falls  off,  then  the  power  of  the  magnet  is  equal  to  the  maximum  weight 
held  up.  If  the  weights  are  gradually  increased  from  day  to  day,  the  magnet 
will  be  found  to  bear  a load  much  above  that  which  it  would  have  held  if  the 
load  had  been  suddenly  applied.  Small  magnets  bear  greater  loads  in  proportion 
to  their  own  weights  than  large  onesj  and,  as  a rule,  the  lifting  power  of 
horse-shoe  magnets  is  greater  than  that  of  an  ordinary  bar  magnet.  The  lifting 
power  is  also  increased  by  making  the  area  of  contact  between  the  armature 
and  the  magnet  greater.  Long  thin  magnets  are  more  powerful  in  proportion 
to  their  weights  than  thick  ones,  hence  if  any  number  of  thin  magnets  are 
placed  in  a bundle  we  get  a magnet  considerably  stronger  than  a solid  one  of 
the  same  weight,  or  than  any  of  the  component  magnets.  It  is,  however,  less 
than  the  sum  of  the  strengths  of  the  separate  magnets.  Thus,  when  Jamin 
placed  six  equal  magnets  weighing  three  kilogrammes,  and  having  a bearing 
power  of  18  kilogrammes,  upon  each  other,  the  compound  magnet  had  not  a bear- 
ing power  of  six  times  eighteen,  or  108  kilogrammes,  but  only  of  64  kilogrammes. 
On  taking  it  to  pieces,  each  of  the  component  magnets  was  then  found  to 
have  only  a bearing  power  of  from  9 to  10  kilogrammes.  Jamin,  by  arranging 
the  magnets  in  this  manner,  produced  the  compound  magnet  which  bears  his 
name,  a drawing  of  one  being  shown  in  Fig.  13.  It  consists  of  steel  bands, 
whose  ends  are  kept  in  position  by  the  brass  cap  shown  in  the  figure.  The 
compound  magnet,  or,  as  it  is  sometimes  called,  the  magnetic  battery,  represented 
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in  Fig.  14,  has  the  components  arranged  to  diminish  the  influence  which  the 
poles  of  the  steel  bands  have  upon  each'  other.  They  are  made  of  unequal 
lengths,  so  that  their  poles  do  not  fall  together. 

Magnetic  Influence  at  a Distance.  The  Torsion  Balance 

We  can  consider  experimentally  the  force  of  attraction  or  repulsion  between  two 
magnetic  poles  only  when  the  magnets  employed  are  at  a short  distance  from 
each  other.  Under  these  conditions  it  is  observed  that  the  following  law  is  true, 
namely,  the  force  exerted  by  one  magnetic  pole  on  another  in  its  neighbour- 


Fig.  13. — ^Jamin’s  Compound  Magnet. 


Kig  14. — Magnetic  Battery. 


hood,  is  inversely  proportional  to  the  square  of  the  distance  between  the  poles. 
This  is  known  as  the  law  of  inverse  squares,  and  it  may  be  experimentally 
proved  by  means  of  Coulomb’s  torsion  balance  (Fig.  15). 

This  instrument  consists  essentially  of  a silver  wire  by  which  the  magnet 
« f is  suspended,  and  the  torsion  of  which  is  measured.  This  wire  is  attached  to 
a top  called  the  torsion  head,  which  moves  upon  a graduated  circle  .S',  on  which 
the  angle  of  torsion  is  read  by  means  of  the  index  i.  The  knob  k is  employed 
to  adjust  this  circle  and  the  magnet  ns.  A second  graduated  circle  T x is  also 
engraved  on  the  larger  glass  cylinder,  to  measure  the  angle  through  which  the 
magnet  n s moves.  The  second  magnet  n s is  introduced  through  a hole  in  the 
glass  plate,  its  lower  pole  N being  on  a level  with  the  magnet  n s.  When  a 
wire  is  twisted,  the  force  with  which  it  tends  to  untwist  is  proportional  to  the 
amount  of  twist,  hence  the  force  required  to  twist  x deerees  is  x times  the 
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force  required  to  twist  one  degree.  In  other  words,  the  force  of  torsion  is  pro- 
portional to  the  angle  of  torsion.  If  Q be  the  measure  of  the  angle  of  torsion, 
and  F the  force,  then  F=6  a,  where  a is  a constant  depending  on  the  size  and 
qualities  of  the  wire  and  the  mode  of  measuring  the  angle. 

In  order  to  prove  the  above  law,  adjust  the  magnet  n s hy  means  of  k,  until  it 
lies  in  the  magnetic  meridian,  so  that  the  wire  //by  which  .the  magnet  is  suspended 
shall  have  no  torsion  of  any  kind.  Having  done  this,  ascertain  what  force  of 
torsion  is  necessary  to  move  the  suspended  magnet  one  degree  out  of  the  magnetic 
meridian  when  not  influenced  by  the  magnet  n s.  As  an  example,  suppose  it 
requires  9°  of  torsion  to  produce  a deflection  of  the  magnet  of  1°,  then  a force 
producing  x degrees  of  deflection  will  be  equiva- 
lent to  9 ^ degrees  of  torsion.*  Having  brought 
the  magnet  n s into  the  magnetic  meridian  again, 
introduce  the  magnet  N s,  the  north-seeking  pole 
of  which  will  cause  n to  move  in  the  direction 
T T.  The  wire  will  thus  become  twisted,  and 
the  magnet  ■vsnll  take  up  some  fixed  position 
where  the  force  of  torsion  is  equal  to  the  force 
of  repulsion  exerted  between  the  two  poles.  Then 
the  force  of  repulsion  is  usually  the  sum  of  three 
terms.  It  equals  the  number  of  degrees  through 
which  the  magnet  is  deflected  x 9.* 

-)-  the  number  of  degrees  of  torsion  due  to  the 
twist  by  the  magnet. 

-|-  the  number  of  degrees  of  torsion  due  to  the 
turn  of  the  torsion  head. 

Suppose  this  equilibrium  occurs  when  n is  re- 
pelled through  i69,  then  the  force  exerted  on  the  . 

pole  corresponds  to  16  x 9-)-i6-f  o or  160®.  By 
turning  k,  the  pole  n may  be  brought  nearer  the 

fixed  pole  n ; for  instance,  let  k be  turned  till  the  distance  is  8°-.  Let  us 
suppose  that  it  requires  ij  complete  turns  of  the  torsion  head  to  reduce 
the  deflection  from  16®  to  8",  then  the  force  of  repulsion  = 8x9  + 8-l-iJ  of 
360  = 72-f8-f54o  = 620°.  This,  we  see,  is  nearly  four  times  the  former, 
but  the  distance  is  now  only  half  what  it  was  before  ; hence  the  repulsive  force 
between  two  magnetic  poles  is  inversely  as  the  square  of  the  distance.  Similar 
experiments  may  be  carried  out  at  other  distances. 

Proceeding  in  this  manner,  and  also  varying  the  strength  of  the  poles 
Coulomb  proved  the  following  fundamental  law  of  magnetism  : 

The  force  exerted  between  two  magnetic  poles  is  proportiofial  to  the  strength 
of  the  poles,  and  inversely  proportional  to  the  square  of  the  distance  between 


* This  is  not  accurately  true,  and  thi 
mendian  be  large.— R.  iM.  W. 


error  becomes  considerable  if  the  deflection  from  the 
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Thus,  if  m and  be  the  strengths  of  the  poles,  and  d the  distance  they  are 
apart,  then  the  force  /exerted  between  them  is 


ir' 


If  we  make  / and  d unity,  the  product  must  also  be  unity,  and  it 

follows  that  the  unit  magnetic  pole  is  that  which  repels  a similar  and  equal  pole 
at  unit  distance  with  unit  force. 

This  unit  is  defined  in  the  centimetre-gramme-second  or  C.  G.  S.  system, 
which  is  the  system  of  fundamental  units  employed  in  scientific  work,  as  that 
pole  which  repels  a similar  and  equal  pole  at  the  distance  of  one  centimetre 
with  the  force  of  one  dyne,  the  dyne  being  that  force  which,  steadily  acting  for 
one  second,  causes  a mass  of  a gramme  to  move  with  the  velocity  of  a centimetre 
per  second. 

The  Magnetic  Field. — We  have  noticed  that  a magnet  exerts  a certain 
influence  on  pieces  of  iron  and  steel  which  lie  in  its  neighbourhood.  The  pole 
of  another  magnet  also  experiences  a force  varying  with  its  distance  from  the 
magnet.  We  have  also  seen  that  iron  filings  form  themselves  into  certain  curves 
within  this  region,  which  are  termed  lines  of  force.  The  region  through  which 
a magnet  exerts  this  magnetic  influence,  or  force,  is  termed  a magnetic  field.  The 
force  which  a magnetic  pole  experiences  at  a point  in  the  magnetic  field  is 
determined  by  the  intensity  of  the  field  at  that  point,  and  its  direction  is  that 
of  the  line  of  Jorce  passing  through  the  point.  The  latter  is  the  direction  in  which 
a free  pole  would  move.  The  intensity  of  the  field  at  any  point  is  measured  by  the 
force  exerted  on  a unit  pole  placed  at  that  point,  and  the  unit  intensity  is  that  which 
exerts  the  force  of  a dyne*  on  a unit  magnetic  pole.  If  /be  the  force  which  a pole 
of  strength  m experiences  at  a point  where  the  intensity  of  field  is  H,  then 

J=mH. 

Intensity  of  Field  shown  by  Lines  of  Force. — If  we  carry  a .small 
magnetic  needle  about  a pole  of  a magnet,  and  draw  lines  to  which  it  will  always 
be  a tangent,  we  obtain  lines  which  converge  to  the  poles.  {See  Fig.  8.) 
Suppose  these  lines  evenly  drawn,  not  in  one  plane  only,  but  in  solid  space  from 
a single  pole.  Now  imagine  a small  ring  moved  near  the  pole.  The  number  of 
lines  that  pass  through  the  ring  will  vary  inversely  as  the  square  of  its  distance 
from  the  pole.  But  this  is  the  law  of  force.  Hence  this  number  may  be  taken 
to  measure  the  force  at  any  point.  Since  the  lines  of  force  may  be  drawn  to  pass 
through  every  part  of  the  magnetic  field,  the  intensity  of  the  field  at  a point  may 
be  measured  by  the  number  of  lines  of  force  which  pass  through  a unit  area  placed 
perpendicular  to  the  direction  of  the  lines  of  force  at  that  point.  A uniform 
magnetic  field  will  therefore  be  one  in  which  the  intensity  of  the  field  at 
every  point  determined  in  this  manner  is  the  same ; in  other  words,  the  field  is 


See  Appendi.x  to  Part  L 
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uniform  when  the  lines  of  force  are  parallel.  Thus  a small  field  at  a con- 
siderable distance  from  a magnet  will  be  fairly  uniform,  hence  the  magnetic 
field  due  to  the  earth  in  a room  free  from  the  presence  of  magnets  will  be 
practically  uniform,  and  the  direction  of  the  lines  of  force  will  be  that  of  the 
dipping  needle  placed  in  the  direction  indicated  by  the  declination  needle. 

The  Magnetic  Moment  of  a Magnet. — It  is  impossible  to  have  a 
single  magnetic  pole  existing  independent  of  one  of  opposite  character ; hence 
it  becomes  necessary  to  determine  the  action  produced  on  these  combined, 
poles.  The  tendency  of  the  force  to  turn  an  ordinary  bar  magnet  suspended 
in  a magnetic  field  may  be  determined  by  considering  the  action  on  one  of  its 
poles,  and  since  the  action  on  the  other  tends  to  turn  the  magnet  in  the  same 
direction  we  combine  the  two  by  doubling  the  first.  Thus  in  a uniform  field  two 
equal  opposite  and  parallel  forces  act  on  the  poles  of  a bar  magnet,  tending 
to  turn  it  on  its  axis  and  set  it  in  the  direction  of  the  lines  of  force.  The  pair 
of  forces  acting  thus  are  in  mechanics  termed  a couple.  In  a field  of  intensity  H, 
the  pole  of  a magnet  of  strength  m is  acted  on  by  a force  equal  to  the  product 
H m,  and  if  the  distance  between  the  poles  be  /,  then  the  action  of  the  couple 
on  the  magnet  placed  at  right  angles  to  the  field  is 

c=m  I H. 

The  product  m I is  termed  the  magnetic  moment  oi  the  magnet.  It  is  evident, 
from  the  above  formula,  that  the  magnetic  moment  of  a magnet  may  be  con- 
sidered as  defined  by  the  couple  acting  on  a magnet  placed  perpendicular  to  the 
lines  of  force  in  a field  of  unit  intensity. 

The  Intensity  of  Magnetisation — We  have  already  referred  to  the 
fact  that  some  kinds  of  steel  and  iron  can  be  more  highly  magnetised  than  others, 
or  in  other  words  that  the  maximum  strength  of  a magnet  of  given  size  and 
weight  depends  on  the  quality  of  the  material.  Also  the  actual  strength  depends 
upon  the  magnetising  forces  employed,  as  well  as  upon  the  size  and  shape  of  the 
material.  In  comparing  magnets  with  one  another  it  is  therefore  useful  to  bring 
them  to  a uniform  standard.  To  do  this,  the  actual  magnetic  moment  is  ob- 
served by  well-known  methods,  amongst  which  may  be  mentioned  the  magnet- 
ometer method  of  Gauss.  Then  the  magnetic  moment  of  each  magnet  is  divided 
by  its  volume,  and  the  quotient  is  called  the  intensity  of  magnetisation.  The 
intensity  of  magnetisation  is  therefore  the  magnetic  moment  of  a unit  of  volume 
of  the  magnet  on  the  assumption  that  the  magnetic  moment  of  each  unit  of 
volume  IS  the  same.  This  assumption,  in  most  cases,  is  not  justified  by  experiment. 

Terrestrial  Magnetism.— The  earth  itself  has  been  shown  to  be  a large 
magnet,  in  consequence  of  which  a magnetic  needle  adjusts  itself  in  a direction 
north  and  south.  The  influence  the  earth  has  over  the  magnetic  needle  must  be 
the  same  as  that  of  a large  magnet  over  a small  one.  A large  magnet  would 
cause  the  magnetic  needle  to  place  itself  with  its  axis  along  the  lines  of  force, 
and  the  earth  does  the  same.  The  lines  of  force  in  this  case  are  termed 
magnetic  meridians,  and  the  magnetic  needle  sets  itself  along  these  meridians. 
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Since  the  magnetic  poles  do  not  correspond  with  those  of  the  earth,  it  follows 
that  the  magnetic  meridians  will  not  coincide  with  the  geographical  meridians. 
The  inclination  of  the  magnetic  to  the  geographical  meridian  at  any  place  is 
what  we  have  termed  the  declination. 

As  the  distribution  of  magnetism  is  very  irregular  along  the  surface  of  the 
earth,  the  declination  must  vary  from  place  to  place.  This  magnetic  declination 
has  been  accurately  measured  at  different  places,  and  from  these  results  charts 
have  been  prepared,  showing  the  declination  throughout  the  world. 

VVe  have  already  shown  that  besides  the  form  of  needle  termed  the  declina- 
tion needle,  there  is  another  termed 
the  Inclination,  or  dipping  needle, 
which  we  have  described.  The 
angle  made  by  the  direction  of  the 
needle  and  the  horizontal  plane 
is  called  the  inclination.,  or  angle 
of  dip.  It  has  been  ascertained 
that  the  inclination  or  dip  varies 
from  place  to  place,  and  accurate 
measurements  of  the  inclination 
have  been  made  at  various  posi- 
tions on  the  earth  ; and  from  these 
partial  observations  charts  have 
been  drawn  showing  the  inclination 
throughout  the  world.  The  maxi- 
mum inclination  occurs  at  the 
magnetic  poles,  where  the  needle 
is  vertical,  and  at  about  equal  dis- 
tances from  these  poles  the  angle 
of  inclination  is  zero. 

In  the  northern  hemisphere 
generally  the  inclination  needle 
Fig.  i6.— Lamont’s  Reflecting  Declinometer.  ha.s  its  north-seeking  pole  dipping 

downwards,  and  in  the  southern 
hemisphere  its  south-seeking  pole  dipping  downwards.  It  has  been  already 
stated  that  the  magnetic  north  pole  of  the  earth  must  have  opposite  magnetism 
to  that  of  the  north-seeking  end  of  the  magnetic  needle. 

A knowledge  of  the  magnetic  condition  of  the  earth  enables  us  to  examine 
the  magnetic  conditions  of  other  bodies.  To  determine  the  magnetic  condition 
of  the  earth  at  any  place,  we  have  to  measure  the  direction  and  intensity  of  the 
magnetic  force  at  that  place ; the  direction  we  get  by  means  of  the  decimation 
and  inclination  needles,  the  total  intensity  by  calculation.  To  determine  the 
declination  at  different  places.  Lament  devised  an  instrument  represented  in 
Fig.  1 6.  It  consists  of  a graduated  disc  li  moving  on  the  base  a,  through  the 
centre  of  which  passes  a pivot  terminating  in  a third  disc,  to  which  the  telescope 
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L as  well  as  the  diametrically  opposite  verniers  are  attached.  The  brass  cover 
M terminates  in  the  tube  t,  from  the  upper  end  of  which  the  magnet  a b 


suspended  by  means  of  a silk  thread,  d is  an  opening  to  allow  of  the  rays 
of  light  from  a little  mirror  being  reflected  along  the  telescope  l.  This  mirror 
IS  rigidly  attached  to  the  magnet  a b,  being  capable  of  turning  with  it  and  thus 
indicating  its  deflection.  A glass  tube  v v surrounds  the  magnet  a b,  to  protect 
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It  from  dust  and  currents  of  air,  etc.  In  order  to  arrange  the  axis  of  the 
telescope  perpendicular  to  the  plane  of  the  mirror  at  d,  the  telescope,  instead  of 
the  usual  spider  threads,  is  provided  with  a mirror,  upon  which  a cross  has 
been  scratched.  When  this  cross  is  seen  in  the  reflection  the  axis  of  the  tele- 
scope is  perpendicular  to  the  mirror. 

Variation  of  Declination. — Observations  made  with  this  and  similar 
instruments  show  that  the  declination  not  only  changes  for  different  places,  but 
also  that  it  varies  at  different  times  at  the  same  place.  Places  having  the  same 
declination  at  the  same  time  may  be  connected  together  by  certain  definite  lines, 
termed  isogonals,  or  isogonic  lines.  The  isogonic  lines,  of  which  the  declination 
is  zero,  are  called  agonies.  These  lines  are  represented  in  Fig.  17. 

The  changes  that  occur  at  different  times  are  of  four  kinds,  three  being 
periodic  and  one  irregular.  The  variations  of  declination  which  extend  over 
long  periods  of  time  are  termed  secular  variations.  Besides  these,  there  are 
also  annual  and  daily  variations,  the  whole  change  being  completed  in  the  year 
or  day  respectively.  Besides  the  variations  that  resemble  oscillations  and  recur 
regularly  there  are  changes  of  the  nature  of  disturbances.  These  irregular 
variations,  as  a rule,  appear  together  with  the  aurora  borealis,  and  will  be  again 
referred  to  when  we  consider  atmospheric  electricity. 

From  the  declination  chart  we  see  that  one  portion  of  the  world  has  western 
declination,  the  other  part  eastern.  The  two  parts  are  separated  from  each 
other  by  the  agonies,  or  neutral  lines,  of  which  up  to  the  present  two  distinct 
portions  are  known.  One  line  of  no  declination  runs  from  Hudson’s  Bay  across 
the  eastern  portion  of  North  America,  the  Atlantic  Ocean,  the  West  Indies,  the 
eastern  portion  of  South  America,  then  to  the  southern  ocean.  The  second 
goes  over  Asiatic  Russia  (Lat.  40°  and  50°  east),  the  Caspian  Sea,  Persia,  the 
Indian  Ocean,  and  through  the  western  half  of  Australia.  It  is  suspected 
that  both  parts  form  closed  curves.  All  the  isogonals  intersect  each  other  at 
two  points,  which  are  near  the  geographical  poles,  and  are  called  magnetic  poles, 
and  lie  near  Boeotia  Felix  and  the  volcanoes  Erebus  and  Terror.  Tables  of 
secular  variation  show  us  that  until  the  seventeenth  century  the  declination 
for  Europe  was  eastern,  and  then  changed  into  western.  The  following  tables 
give  the  declination  observed  at  Paris  and  London : 


Paris. 

London. 

In  the  year  1580 

30'  east. 

In  the  year  1580 

11°  east. 

„ 1618 

8° 

00'  „ 

„ 1622 

6°  „ 

M 1663 

0° 

00' 

„ 1657 

0 

1700 

8° 

10'  west. 

..  1665 

I®  22'  west. 

1805 

22° 

S'  .. 

,.  1700 

9®  west. 

„ 1818 

22° 

22'  „ 

1800 

24®  / zutst. 

„ 1828 

22° 

6' 

1818 

24°  41'  M 

„ 1849 

20° 

34'  M 

1850 

22"  30' 

„ 1880 

18° 

20'  ,, 

„ 1867 

20®  50'  „ 

..  1880 

18®  35'  „ 

The  mean  westerly  declination  at  Kew  in  1891  was  17°  42'. 
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At  present  the  declination  for  Europe  is  west,  being  again  on  the  decrease. 
Gauss  and  Weber  collected  observations  made  during  twenty-four  hours,  for 
four  fixed  days  of  the  year,  at  different  places  on  the  globe,  to  determine  the 
daily  variations  in  the  earth’s  magnetism. 

They  found  that  the  declination  in  Europe  is  a minimum  in  the  morning, 
maximum  shortly  after  mid-day,  and  then  decreases  until  evening.  The  maximum 
difference,  although  not  the  same  for  all  seasons,  is  only  about  nine  minutes. 

Inclination,  as  we  have  previously  mentioned,  is  determined  by  means  of  the 
inclination,  or  dipping  needle,  which  must  b 
to  turn  on  a horizontal  axis  passing  through 
the  centre  of  gravity  of  the  needle,  friction 
in  the  bearings  being  as  much  as  possible 
avoided.  Fig.  18  shows  a simple  arrange- 
ment of  the  inclination  needle.  It  consists 
of  the  dipping  needle  ab,  capable  of  moving 
about  the  horizontal  axis  at  m,  the  pivots 
of  which  are  arranged  to  move  in  their 
bearings  with  as  little  friction  as  possible. 

On  the  vertical  graduated  circle  k,  is  mea- 
sured the  inclination  or  dip.  The  graduated 
circle  and  vernier  n are  employed  to 
arrange  the  needle  and  circle  Kj  in  the 
magnetic  meridian,  the  whole  instrument 
being  carefully  levelled  by  means  of  the 
level  w and  the  screws  s s.  The  instru- 
ments employed  at  the  Kew  Observatory 
are  more  exact  and  delicate  than  the  one 
here  described,  the  fractions  of  degrees 
being  read  off  by  means  of  microscopes 
which  are  attached  to  the  same  rods  as  the 
verniers.  * 

Variation  of  Inclination. — Like  declination,  inclinatiori  varies  with 
place  and  time ; here,  too,  places  may  be  found  that  have  the  same  inclination. 
The  lines  which  join  these  places  are  called  isoclinic  lines,  and  the  isoclinic 
line  of  which  the  inclination  is  o is  called  the  magnetic  equator,  or  aclinic  line ; 
from  the  magnetic  equator  to  the  magnetic  poles  the  inclination  varies  from 
0°  to  90°.  At  the  magnetic  equator  the  inclination  needle  would  take  up  a 
horizontal  position ; in  the  northern  hemisphere  its  north  pole  points  down- 
wards ; in  the  southern  hemisphere  its  south  pole  points  downwards,  and  at  the 

* At  the  Observatory  at  Greenwich  the  declination  needle  is  made  to  record  its  own  movements 
every  day.  The  magnet  carries  a small  mirror  on  which  a beam  of  light  falls  in  a dark  room.  The 
light  is  reflected  on  to  photographic  paper  ruled  for  hours  and  minutes,  and  placed  round  a cylinder 
turned  by  the  clock.  The  dark  line  traced  by  the  spot  of  light  is  a permanent  record  of  the  move- 
ments of  the  magnet. 


either  freely  suspended,  or  allowed 


Fig.  i8. — Inclinometer,  or  Dipping 
Needle. 
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magnetic  poles  it  assumes  a vertical  position.  The  magnetic  equator  does 
not  run  parallel  with  the  geographical  equator,  but  cuts  it  at  several  places,  as 
shown  in  the  chart  (Fig.  rq). 
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Paris. 

London. 

In  the  year  1661 

75°  00' 

In  the  year  1576 

71°  so' 

>1 

1758 

72°  IS' 

9t 

1676 

73°  30' 

1805 

69"  12' 

<• 

1720 

74°  42' 

5; 

1820 

68'’  20' 

• » 

1780 

72°  S' 

1835 

67°  24' 

»« 

1800 

70°  35' 

1851 

68?  35' 

» f 

1830 

69°  30' 

1867 

68'’  4' 

«« 

1S70 

68° 

iSSo 

67°  36' 

The  mean  inclination  for  1891  at  Kew  was  67°  31'.  It  is  difficult  to  deter- 
mine whether  the  variations  of  dip  are  periodical;  since  1835  the  dip  for  Paris 
seems  to  be  increasing,  whilst  for  London  it  shows  a steady  decrease. 

Intensity  of  Terrestrial  Magnetism. — To  determine  the  earth’s  mag- 
netism, we  have  not  only  to  know  declination  and  dip,  but  intensity  also  ; which 
is  obtained  by  taking  into  account  the 
directive  force  of  the  earth.  Several 
methods  are  known  for  obtaining  this 
result.  The  instrument  Gauss  used 
for  the  purpose  is  shown  in  Fig.  20. 

The  magnet  is  held  by  the  frame  s s, 
which  is  suspended  by  means  of  wires 
running  over  pulleys,  and  carries  a 
graduated  scale  k.  From  the  centre 
of  the  scale  rises  a tube,  to  which  is 
attached  a vernier,  and  the  mirror  S. 

The  mirror  serves  the  purpose  of  re- 
flecting the  divisions  of  a scale  under 
a telescope  not  far  distant.  The  first 
thing  to  be  done  is  to  regulate  the 
instrument  and  bring  the  mirror  into 
such  a position  that  when  the  suspen- 
sion wires  lie  in  the  same  plane  then 
the  mirror  is  at  right  angles  to  this 
plane.  For  this  purpose  a bar  of 
copper  of  the  same  weight  and  shape 
as  the  magnet  is  placed  in  the  frame. 

The  apparatus  assumes  the  position 
of  equilibrium,  and  the  two  parts  of  the  wire  are  then  in  the  same  plane.  The 
mirrors  and  telescope  are  then  turned  until  the  middle  of  the  scale  is  seen  by  the 
reflections  coinciding  with  the  vertical  spider-thread  in  the  telescope.  The  scale 
as  well  as  the  mirror  is  then  perpendicular  to  the  plane,  which  contains  both  the 
wires  and  optic  axis  of  the  telescope. 

We  now  replace  the  bar  of  copper  by  the  magnet.  The  forces  which  act  on 
the  magnet  are  its  weight,  the  couple  arising  from  terrestrial  magnetism,  and  the 
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tensions  of  the  wires.  Each  of  these  tensions  may  be  regarded  as  made  up  ol 
two  components,  one  being  vertical,  and  the  other  horizontal.  The  vertical  com- 
ponents balance  the  weight,  and  the  horizontal  components  form  a couple  (or  two 
equal  and  opposite  forces).  The  distance  between  the  wires  is  so  regulated  that 
this  couple  is  greater  than  the  couple  due  to  the  earth’s  magnetism.  We  now 
make  three  observations,  and  count  the  number  of  the  oscillations  of  the  magnet 
in  three  positions. 

1.  Place  the  magnet  and  frame  in  the  direction  of  the  magnetic  meridian, 
the  north-seeking  end  being  towards  the  north.  Adjust  the  apparatus,  slightly 
disturb  the  magnet,  and  count  the  oscillations.  Let  the  number  per  minute 
be  N,  then  the  sum  of  two  couples  is  proportional  to  n®. 

2.  Reverse  the  magnet  so  that  the  north-seeking  end  is  towards  the  south. 
Let  n be  the  number  of  oscillations  per  minute.  Then  the  difference  of  the 
couples  is  proportional  to  n®. 

3.  In  the  third  position  the  upper  part  of  the  suspension  apparatus  is  turned 
round  till  the  axis  of  the  magnet  is  perpendicular  to  the  magnetic  meridian.  When 
there  is  equilibrium  in  this  case  we  can  calculate  the  value  of  the  couple  due  to 
the  tensions,  and  this  couple  then  balances  the  couple  due  to  terrestrial  magnetism. 

If  H be  the  product  of  the  earth’s  horizontal  magnetic  force  and  the 
moment  of  the  magnet, 

F the  couple  due  to  the  tensions, 

1 gives  F q-  H = K where  k is  a constant. 

2 gives  F - H = K 

3 gives  F sin  a = h,  where  a is  the  angle  between  the  magnet  and  suspen- 

sion head. 

F N® 

From  I and  2 - = ^3  _ which  should  agree  with  3. 

The  transverse  position,  therefore,  is  suitable  for  detecting  and  comparing 
changes  in  h. 

Another  instrument  more  frequently  used  in  English  laboratories  is  the  uni- 
filar  declinometer.  This  enables  us  (i)  to  compare  the  magnetic  moments  of  a 
magnet  under  different  conditions  of  magnetisation  ; (2)  to  compare  the  strengths 
"of  two  magnetic  fields } or  (3)  to  measure  the  product  of  the  moment  of  the 
magnet  and  the  strength  of  the  field  in  which  it  is,  that  is  to  say,  the  earth  s 
horizontal  force.  For  these  experiments  we  require  to  know  a quantity  termed 
the  moment  of  inertia  of  the  magnet.  Let  K be  this  quantity.  Let  m be  the 
magnetic  moment  of  the  magnet,  H the  horizontal  component  of  the  earth  s 
magnetic  force,  and  n the  number  of  oscillations  per  second,  when  the  magnet  is 
suspended  in  the  magnetic  meridian,  and  then  slightly  disturbed.  It  is  proved 
by  mathematical  reasoning  that 

M H = 47r-K«". 

To  separate  m and  h another  equation  is  also  required.  This  is  obtained  by 
placing  the  magnet  with  its  centre  at  a distance  r from  the  centre  of  a suspended 
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magnetic  needle,  and  in  the  same  magnetic  meridian,  and  observing  the  deflec- 
tion, a.  If  our  magnet  be  at  right  angles  to  the  line  of  centre,  or,  as  it  is  called, 
“ broadside  on,”  then  by  equating  the  effects  of  the  magnet  and  the  earth  when 
there  is  equilibrium,  we  obtain 

M = H r®  tan  a. 

In  these  two  equations  a and  n are  known  from  the  observations,  and  K is 
calculated  by  measurement.  In  the  case  of  a bar  magnet  of  mass  length  /, 
and  breadth  the  axis  of  oscillation  being  perpendicular  to  the  side  / b. 

K = - (r2  -t-  b^). 

It  follows  that  now  both  m and  h can  be  found  from  the  two  equations. 

Example. — The  magnet  weighed  67  grammes,  and  its  length  was  975  cen 
timetres,  and  its  breadth  '503  centimetre.  The  time  of  oscillation  when  the 
magnet  was  suspended  by  a single  thread  was  4^4  seconds,  and  when  it  was 
used  broadside  on  to  deflect  another  magnet,  at  a distance  of  20  centimetres, 
it  gave  an  angle  whose  tangent  was  found  from  the  tables  to  be  '322.  The 
third  equation  gives  k-  = 245,  and  the  others  give  us  M H = 79 '54,  and  m -r  h 
= 2568.  Hence,  m = 452,  and  h = •176. 

The  force  here  referred  to  was  simply  a horizontal  force.  The  total  force 
of  the  earth’s  magnetism  on  either  pole  of  the  needle  has  the  effect  of  two 
forces,  one  pulling  the  needle  into  the  magnetic  meridian,  which  we  may  call 
the  horizontal  part  (or  component),  and  the  other  pulling  one  end  of  the  needle 
down.  This  latter  may  be  called  the  vertical  component.  We  may  easily 
determine  the  total  force  when  we  know  the  horizontal  component  and  the 
angle  of  dip.  We  have  but  to  choose  a scale  and  to  construct  a triangle  thus  : 
Draw  AB,  a horizontal  line,  to  represent  on  the  chosen  scale  the  horizontal 
force ; next  draw  b c,  making  the  angle  a b c equal  to  the  angle  of  dip ; then 
draw  A c perpendicular  to  a b,  and  meeting  b c in  c.  Then  on  the  chosen  scale 
A c represents  the  vertical  component  v,  a b the  horizontal  component  h,  and 
B c the  total  force  T. 

T = H -i-  cos  ABC,  and  + v^. 

The  observations  yet  made  seem  to  point  to  a steady  increase  of  horizontal 
intensity.  At  Munich  (Germany)  it  has  been  as  follows : 


1853 

•19578 

1857 

•19706 

1862 

•19821 

1867 

•19973 

1871 

•20093 

The  horizontal  component  of  the  earth’s  magnetic  force  at  Kew  (England), 
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has  been  carefully  calculated  in  c.  G.  s.  units  year  by  year  since  i860.  It  was 
in 


i860 

•1755 

1862 

•1760 

1864 

•1765 

1 866 

•1770 

1868 

•1775 

1870 

•1779 

1872 

•1785 

1874 

•1790 

1884 

...  'I8I9 

The  mean  horizontal  force  in  1891  at  Kew  was  0T8193  in  C.  G.  S.  units. 
Intensity  also  has  daily  variations : increasing  from  r»orning  till  evening,  and 
decreasing  during  night 


STATICAL  ELECTRICITY. 

Electrical  Attraction  and  Repulsion. — If  we  rub  a large  glass  rod 
with  a silk  pad,  we  observe  that  it  will  attract  light  bodies,  then  after  contact 
repel  them.  During  the  process  we  may  notice  a peculiar  noise,  and  if  the  ex- 
periment be  carried  out  in  the  dark,  we  may  further  notice  sparks  passing  be- 
tween the  rod  and  the  rubber,-  and  also  that  the  rod  becomes  luminous.  If  we 
suspend  a pith-ball  by  means  of  a silk  thread,  on  bringing  the  rubbed  rod  near 
the  pith-ball  it  will  move  towards  the  rod,  touch  it,  and  then  be  repelled.  If  the 
glass  rod  be  again  brought  near  the  pith-ball,  it  wilj  move  away  from  the  glass 
rod,  and  continue  to  be  repelled  until  it  has  been  touched  by  some  other  body. 
From  this  and  similar  experiments  we  conclude  that  by  means  of  friction 
certain  bodies  may  be  made  to  assume  properties  they  did  not  before  possess. 
That  which  gives  bodies  these  properties  we  call  electricity,  and  we  speak  of 
the  bodies  exhibiting  them  as  being  electrified. 

In  order  to  ascertain  whether  electricity  is  communicated  by  electrified 
bodies  to  non-electrified  bodies  when  brought  into  contact,  let  us  suspend  two 
pith-balls  from  the  same  point  of  support  by  threads  of  uniform  silk,  and  touch 
the  pith-balls  with  the  rubbed  glass  rod.  The  balls  fly  from  the  rod  and  also 
from  one  another.  On  bringing  near  them  a third  pith-ball  or  any  other  light 
body,  we  find  that  though  they  repel  one  another  they  are  attracted  by  the  light 
body,  showing  that  they  have  become  electrified  by  contact  with  the  rubbed 
glass  rod.  From  this  we  conclude  that  an  unelectrified  body  may  be  electrified 
by  contact  with  an  electrified  body,  and  also  that  there  is  repulsion  after  con- 
tact. There  is  mutual  repulsion  between  two  electrified  bodies,  but  there  is 
attraction  between  a single  electrified  body  and  one  that  is  unelectrified. 
Since  electricity  may  be  imparted  from  one  body  to  another  in  the  manner  here 
described,  we  may  speak  of  a body  as  being  charged  with  electricity,  or  as  having 
a certain  charge,  though  the  only  evidence  we  have  of  a body  being  cliarged  is 
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the  force  it  exerts  on  other  bodies,  whether  that  force  be  one  of  repulsion  or 
attraction.  This  property  or  behaviour  of  electrified  bodies  enables  us  to 
examine  their  electrical  condition. 

Gold-Leaf  Electroscope. — The  simplest  apparatus  for  this  purpose  is 
the  gold-leaf  electroscope,  which,  in  its  most  elementary  form,  consists  of  two 
gold  leaves  hung  side  by  side  within  a glass  vessel  from  a metal  wire  attached  to 
a metal  plate  or  ball  on  the  exterior  of  the  vessel,  as  shown  in  Fig.  21.  If  we 
touch  the  metal  knob  of  the  instrument  with  a rubbed  glass  rod,  the  electricity  of 
the  glass  rod  reaches  the  gold  leaves,  causing  them  to  diverge,  as  shown  in  the 
figure.  We  may  further  observe  that  the  more  strongly  the  rod  is  electrified 
the  greater  is  the  divergence  of  the  leaves. 


Henley's  Quadrant  Electroscope. — Another  form  of  electroscope  is 
that  known  as  Henley’s  quadrant  electroscope,  shown  in  Fig.  22,  which  is  used 
to  indicate  the  charge  on  the  prime  conductor  of  an  electrical  machine.  It 
consists  of  a metal  rod  s,  having  brass  balls  at  both  ends.  A thinner  rod  a, 
terminating  in  a pith-ball  h,  is  hinged  to  the  upper  ball  on  s,  thus  allowing  o< 
movement  over  the  scale  q.  To  indicate  the  charge  of  the  conductor  c,  the 
instrument  is  placed  on  the  conductor,  the  rod  a h lying  close  to  s when  the 
conductor  has  no  charge.  On  electrifying  the  conductor  c,  the  electricity 
flows  to  the  electroscope  through  the  lower  ball  of  s,  which  repels  the  pith-ball  h. 
The  electrical  state  of  the  conductor  is  indicated  by  the  angle  shown  on  the 
scale  Q,  but  these  indications  are  not  easily  interpreted. 

Behrens  Electroscope. — It  would  be  almost  impossible  to  indicate 
the  presence  of  very  small  quantities  of  electricity  with  the  gold-leaf  electroscope 
just  described,  hence  more  sensitive  instruments  must  be  employed.  We  will 
describe  an  electroscope  invented  by  Behrens,  and  modified  by  Riess.  It  is 
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shown  in  Fig.  23,  the  new  feature  being  a Zamboni  pile,  though  the  instrument 
is  only  a delicate  form  of  the  gold-leaf  electroscope.  It  consists  of  a single  gold 
leaf  hanging  between  two  symmetrically  placed  discs  k z,  which  are  maintained 
at  different  electrical  conditions,  or  (as  we  shall  subsequently  learn  to  describe 
them)  at  different  potentials,  one  positive  and  the  other  negative,  produced 
by  the  dry  pile,  or  battery  Kz.  Sir  William  Thomson  calls  electroscopes  of  this 
class  heterostatic,  because  they  take  advantage  of  an  independent  electrification 
to  test  the  given  electrification. 

None  of  these  instruments  accurately  measure  electricity ; they  only  indicate 

the  electrical  conditions  of 
bodies.  Apparatus  which  en- 
able us  to  make  exact  mea- 
surements of  the  charges  of 
electricity  on  bodies  are  termed 
electrotneiers,  not  electroscopes, 
and  will  be  described  farther 
on.  The  latter  simply  indicate 
the  presence  of  electricity ; 
the  former  do  more  : they  in- 
directly measure  the  quantity. 

Two  kinds  of  Electri- 
fication.— If  we  rub  a glass 
rod  with  a piece  of  leather, 
and  touch  the  knob  of  the 
gold  - leaf  electroscope,  the 
leaves  diverge ; on  rubbing  the 
glass  rod  still  more,  and  touch- 
ing the  knob  of  the  electro- 
Fig.  23. — Behrens’  Electroscope.  scope,  the  divergence  of  the 

leaves  will  be  increased ; but  if, 
instead  of  again  using  the  glass,  we  touch  the  knob  with  a rubbed  rod  of  sealing- 
wax,  the  leaves  collapse.  If  we  reverse  the  order,  touching  the  knob  with  the 
rubbed  sealing-wax  first,  the  leaves  diverge,  and  then  collapse  when  the  knob  is 
touched  by  the  rubbed  glass  rod.  This  experiment  shows  that  although  both 
the  glass  and  the  sealing-wax  rods  become  electrified  by  rubbing,  the  electrical 
conditions  of  the  two  bodies  are  opposite  in  character.  When  one  makes  the 
gold  leaves  diverge,  the  other  makes  them  collapse.  We  distinguish,  therefore, 
between  two  kinds  of  electrification  ; viz.,  that  of  the  rubbed  sealing-wax,  which 
we  term  resitious,  and  that  of  the  rubbed  glass,  which  we  term  vitreous. 

Further  experiments  show,  however,  that  the  nature  of  the  electrification 
of  bodies  depends  not  only  upon  the  bodies  rubbed,  but  also  upon  the  rubber. 

The  electrical  condition  of  a body  is  not  sufficiently  indicated  by  either  of 
these  significations,  and  it  is  therefore  agreed  that  the  one  kind  of  electrification 
should  be  termed  positive,  and  the  other  negative  ; the  condition  of  glass  rubbed 
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with  amalgamated  leather  represents  the  former,  resin  rubbed  with  wool  the 
latter.  Therefore  positively  electrified  bodies  are  all  those  bodies  that  exhibit 
the  same  properties  as  a glass  rod  rubbed  with  amalgamated  leather,  and  nega- 
tively electrified  bodies  all  those  which  exhibit  properties  opposite  to  the  above 
named.  The  phenomena  observed,  concisely  stated,  come  to  this : i.  There 
are  two  kinds  of  electrification,  positive  and  negative ; 2.  Bodies  exhibiting  the 
same  kind  of  electrification  repel  each  other,  while  bodies  charged  with  opposite 
electrifications  attract  each  other ; 3.  Equal  quantities  of  the  opposite  kinds  of 
electrification  united  in  a body  neutralise  each  other. 

By  means  of  the  instruments  already  described,  and  employing  these  facts, 
we  are  enabled  to  examine  the  electrical  condition  of 
bodies,  and  ascertain  which  kind  of  electricity  a body 
has.  The  method  adopted  with  the  gold-leaf  electro- 
scope is  the  following  : The  instrument  is  first  charged, 
say,  positively,  being  touched  with  a glass  rod  rubbed 
with  leather,  which  causes  the  leaves  to  diverge,  then 
the  knob  is  touched  with  the  body  under  examination  ; 
if  the  leaves  diverge  still  further  the  body  is  charged 
with  positive  electricity,  if  the  leaves  partly  or  entirely 
collapse,  the  body  is  charged  with  negative  electricity. 

Care  should  be  taken  to  ascertain  whether  the  body 
is  at  all  electrified,  as  the  divergence  of  the  gold  leaves 
is  lessened  when  a non-electrified  body  touches  the 
knob,  because  some  of  the  electricity  of  the  gold  leaves 
has  been  imparted  to  the  body. 

Conductors  and  Insulators. — If  we  suspend 
a pith-ball  h,  by  means  of  a silk  thread,  and  a second 
Hj  by  means  of  a metal  wire  from  the  former,  and 

touch  Hi  with  a rubbed  glass  rod,  Hi  becomes  positively  

electrified,  and  is  consequently  repelled  by  the  glass  Fig.  24.— Electric  Pendulum, 
rod ; and  h^  is  also  repelled,  although  not  touched  by 

the  rod.  Further,  Hu  is  attracted  by  a rod  of  sealing-wax,  and  is  also  able 
0 attract  light  bodies.  No  electricity  has  been  imparted  to  h^  directly  by 
contact  with  the  glass  rod,  yet  it  shows  the  same  properties  as  h,  : hence  it 

iT lire'  Tfy  that  the 

a Ink  7h  ‘1’^'““^  electricity  from  h.  to  h„  If  we  suspend  h,  from  h,  by 

loll  tW  rh  1 a “ electrification! 

owing  that  the  silk  does  not  conduct  electricity. 

sealin'  “ eharged  electroscope  with  an  unelectrified 

to? m,  ''  ’ "'\‘‘''’«8ence  of  the  leaves  is  lessened  ; but  on  examining  the 
pile  where  cllt'’''  ,«'ee<toscope,  we  find  it  electrified  only  at  the 

ISs  ll  T f =>“<-oscope.  Other  substances,  such  as 

These’facts  shl  ‘ i,” ' surface  when  only  touched  at  one  point. 

show  that  we  have  to  distinguish  between  two  classes  of  bodies,  in  the 
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first  of  which  the  electricity  rapidly  spreads  over  the  surface,  and  in  the  second 
of  which  the  electricity  only  spreads  over  the  body  at  a very  slow  rate.  The 
lormer  class  of  bodies  are  termed  conductors  and  the  latter  non-conductors,  or 
insulators.  If  the  knob  of  a charged  electroscope  be  touched  by  the  hand,  the 
leaves  collapse  at  once,  the  electricity  being  conducted  by  the  human  body  to 
the  earth,  thus  becoming  distributed  over  a very  large  surface.  In  order  to  find 
whether  a substance  is  a good  conductor  of  electricity  or  not,  take  the  substance 
to  be  examined,  and  touch  the  knob  of  the  electroscope  with  it ; if  the  leaves 
collapse  immediately,  the  substance  conducts  electricity  well.  It  may  be  proved 
by  touching  a second  unelectrified  electroscope,  that  the  suostance  retains  no 
signs  of  electrification,  simply  because  the  electricity  has  passed  from  it  through 
the  human  body,  and  thence  to  the  earth.  The  time  which  the  gold  leaves 
take  to  collapse  gives  us  a method  of  roughly  ascertaining  the  relative  con- 
ducting powers  of  substances.  With  metals  this  collapse  takes  place  imme- 
diately, with  resins  more  slowly,  and  with  dry  wood  more  slowly  still. 

We  can  draw  no  strict  line  of  division  between  conducting  and  non-con- 
ducting bodies,  since  all  substances  offer  a certain  resistance  to  the  passage  of 
electricity,  and  there  are  none  that  absolutely  resist  it.  In  the  following  list,  due 
to  Riess,  the  names  of  the  substances  are  arranged  so  that  each  conducts  better 
than  the  next.  They  are  also  classed  as  conductors,  partial  conductors,  and 


insulators. 

Metals. 

CO.N  UUCTORS. 
Sea-water. 

Parts  of  animals  having 

Charcoal. 

Fresh- water. 

still  life. 

Graphite. 

Rain-water. 

Soluble  salts. 

Acids. 

Snow. 

Linen. 

Salt  solutions. 

Growing  vegetables 

Cotton. 

Alcohol. 

PARTIAL  CONDUCTORS. 
Dry  Wood, 

Straw. 

Ether. 

Marble. 

Ice  at  0®  C. 

Flower  of  sulphur. 

Paper. 

Dry  metal  oxides. 

INSULATORS. 

Porcelain. 

Precious  stones. 

Oils  (fatty). 

Dried  vegetables. 

Mica  (biaxial). 

Ashes. 

Leather. 

Glass. 

Ice  at  -25®  C. 

Parchment. 

Wax. 

Phosphorus. 

Dry  paper. 

Sulphur 

Lime. 

Feathers. 

Resin. 

Chalk. 

Hair. 

Amber. 

Caoutchouc. 

Wool. 

Shellac. 

Camphor. 

Dyed  silk. 

Oils  (ethereal). 

Silk. 

Here,  then,  we  have  an  explanation  of  the  reason  why  in  the  earliest  times,' 
and  even  as  recently  as  the  time  of  Gilbert,  many  substances  were  considered 
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incapable  of  electrification  by  rubbing.  Bad  conductors,  such  as  amber,  could 
be  held  in  the  hand  without  the  electricity  generated  by  rubbing  being  con- 
ducted to  the  earth.  Metals,  on  the  contrary,  conducted  the  electricity  produced 
by  means  of  the  hand  to  the  earth.  In  order  to  electrify  metals,  or  any  other 
conductors,  therefore,  we  must  support  them  in  some  manner  by  means  of  an 
insulator.  If  they  be  held  by  glass  handles,  or  suspended  by  a silk  thread, 
they  may  be  electrified  by  rubbing. 

Gases  are  bad  conductors  of  electricity ; if  it  had  been  otherwise  we  should 
never  have  become  acquainted  with  electricity,  as  it  would 
have  been  conducted  away  by  the  air  as  fast  as  it  was 
generated.  A vacuum  also  does  not  conduct  electricity, 
but  moist  air  becomes  a partial  conductor.  Moist  air, 
also,  will  spoil  the  insulation  of  non-conducting  supports. 

All  bodies  are  more  or  less  hygroscopic,  and  the  moisture 
condensed  on  their  surfaces  thus  turns  the  best  insulators 
into  conductors.  Change  of  temperature  also  influences  con- 
ductivity ; red-hot  glass  and  molten  resin,  for  instance,  be- 
coming good  conductors. 

In  order,  then,  to  ascertain  whether  a body  can  be  elec- 
trified or  not,  it  is  not  sufficient  merely  to  take  that  body  in 
the  hand  and  rub  it;  it  should  be  carefully  insulated  first. 

When  such  precautions  are  taken  we  find  that  all  bodies, 
without  exception,  can  be  electrified.  Experiments  show  that 
the  rubber  also  becomes  electrified.  Fig.  25  represents  the 
apparatus  for  this  purpose,  a is  a glass  disc,  b a disc  covered 
with  amalgamated  leather ; both  being  insulated  by  means  of 
glass  handles.  If  these  two  plates  are  rubbed  together,  each  Crad^tors'^'^for 

of  them  becomes  electrified,  the  glass  plate  positively  and  Friction^rElec- 

the  leather  negatively.  If  we  change  the  glass  for  resin,  and  tricity. 
cover  B with  wool  instead  of  leather,  and  then  rub  them 
together,  the  resin  plate  becomes  negatively  electrified  and  the  wool  plate 
positively.  From  these  and  similar  experiments  we  learn  that : i.  All 
bodies  may  be  electrified  by  rubbing;.  2.  Both  bodies  are  electrified  when 
rubbed,  one  of  them  positively  and  the  other  negatively.  But  the  same  sub- 
stance may  be  either  positively  or  negatively  electrified  by  using  different 
nabbers. 

The  following  list  is  so  arranged  that  any  substance  in  it  becomes  positively 
electrified  when  rubbed  by  any  of  the  substances  taking  rank  after  it : 


Catskin. 

Glass. 

Ivory. 

Silk. 

Rock  crystal. 
The  hand. 


Wood. 

Sulphur. 

Flannel. 

Cotton. 

Shellac. 

Caoutchouc. 


Resins. 

Guttapercha 

Metals. 

Guncotton. 
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Modes  of  producing  Klectrizity Direct  Methods.  With  the  first 
method  discovered  in  order  of  time,  namely  friction,  we  may  associate  other 
mechanical  processes,  such  as  cutting,  filing,  pressing,  etc.  etc.  For  instance, 
Iceland  spar,  when  pressed  with  the  hand,  becomes  electrified,  and  remains 
so  for  a considerable  time.  Electricity  may  be  produced  by  heating  certain 

crystals.  The  electricity  produced  by 
this  method  is  sometimes  called  pyro- 
electricity. A good  material  for  pyro- 
electricity is  tourmaline  : it  remains 
unelectrified  as  long  as  it  has  the 
same  temperature  as  surrounding 
bodies  ; but  if  it  be  heated  or  cooled, 
it  shows  two  different  electrical  poles, 
opposite  to  each  other,  which  are 
easily  tested  by  means  of  an  elec- 
troscope. It  is  found  that  the  pole 
which  has  positive  electricity  when 
heated  will  have  negative  when  cooled. . 
Tourmaline  retains  its  electrical  pro- 
perties when  powdered.  Another 
mode  of  generating  electricity  occurs 
in  the  chemical  process  of  combus- 
tion. It  has  been  found  that  when 
bodies  are  slowly  consumed  by  fire 
they  themselves  are  negatively  elec- 
trified, whilst  the  escaping  smoke  is 
positively  electrified.* 

Comparison  of  Two  Charges 
of  Electricity. — It  has  been  men- 
tioned that  the  only  evidence  of  a 
body’s  being  charged  with  electricity 
is  afforded  by  the  force  it  exerts  on 
Fig.  26. — Coulomb’s  Torsion  Balance.  other  bodies.  It  is  evident,  therefore, 

that  we  must  measure  quantities  of 
electricity  by  the  relative  forces  which  these  quantities  exert  under  similar 
conditions,  and  in  order  to  do  this  we  must  ascertain  the  connection 
between  the  quantities  of  electricity  and  the  forces  they  exert.  It  has  been 
mentioned,  in  describing  Henley’s  quadrant  electroscope,  that  the  greater 
the  charge  of  electricity  on  the  balls  the  larger  the  angle  subtended  by  the 
rods,  and  that  this  angle  increases  with  the  amount  of  electricity  on  the, 
conductor.  But  what  relation  the  angle  bears  to  the  charge  cannot  be 
determined  with  so  rough  an  instrument.  In  order  to  ascertain  accurately 

the  connection  between  the  force  exerted  between  two  electrified  bodies, 


• The  experiment  was  made  with  a pastil  for  fumigating. 


Statical  Electricity. 


39 


Coulomb  employed  his  torsion  balance  (Fig.  26).  This  instrument  has  been 
described  in  its  application  to  magnetism,  as  well  as  the  principles  on  which 
it  depends,  and  the  manner  of  employing  it.  Here,  however,  the  suspended 
magnet  is  replaced  by  the  balls  balanced  at  the  extremities  of  a glass  or  shellac  rod, 
as  shown  at  b,  and  a similar  ball  attached  to  the  end  of  a glass  or  shellac  rod  in- 
serted at  E replaces  the  fixed  magnet.  By  means  of  this  arrangement  Coulomb 
proved  the  fundamental  law  of  electricity,  namely,  that  “ two  small  electrified 
bodies  attract  or  repel  each  other  with  forces  proportional  to  the  amounts  of 
electricity  they  contain,  and  inversely  proportional  to  the  square  of  the  distance 
between  them.” 

If  be  the  quantities,  d the  distance,  and  F the  force  then 


Measurement  of  Electricity. — To  measure  quantities  of  electricity 
absolutely  it  is  necessary  to  have  some  unit,  and  the  definition  of  this  unit  is 
furnished  from  the  above-mentioned  law  by  making  the  two  quantities  equal, 
and  the  force  and  distance  each  unity.  This  unit,  defined  in  terms  of  the 
fundamental  units  now  universally  adopted  in  scientific  work,  is,  the  quantity 
of  electricity  concentrated  at  a point  which  is  capable  of  repelling  a similar 
quantity  of  electricity  at  another  point  at  the  distance  of  one  centimetre 
with  a force  of  one  dyne  *,  that  is  to  say,  with  a force  which  would  give  the  mass 
of  one  gramme  the  velocity  of  one  centimetre  per  second  in  one  second.  As 
it  is  impossible  to  concentrate  electricity  at  a point,  we  may  use  two  small  balls 
of  similar  dimensions,  the  distance  of  one  centimetre  being  measured  from  centre 
to  centre. 

Gradual  Leakage  of  Electricity. — If  we  charge  the  balls  of  a 
Coulomb’s  torsion  balance,  and  observe  the  angle,  we  find  that  when  the 
instrument  is  left  in  the  same  position  for  some  time  this  angle  becomes  smaller 
and  smaller.  As  the  force  of  torsion  cannot  alter,  there  must  be  some  waste 
of  the  charge.  How  is  this  waste  to  be  explained  ? The  balls  are  surrounded 
by  air,  and  are  fastened  to  insulators ; so  that  the  electricity  may  escape  by 
the  air,  or  by  the  insulators,  or  by  both.  Experiments  have  shown  that  this  is 
really  the  case.  Electrified  bodies  attract  small  dust  particles  in  the  air,  electrify 
them,  and  then  repel  them ; in  this  manner  the  original  quantity  of  electricity 
is  diminished. 

As  has  been  mentioned,  there  are  no  perfect  insulators ; electricity  is  con- 
ducted, though  very  slowly,  through  the  best  insulator.  To  what  extent  the 
electricity  will  spread  over  the  insulator  depends  upon  the  amount  of  elec- 
tricity the  body  itself  contains.  The  amount  of  electricity  on  the  insulator 
diminishes  with  the  distance,  being  densest  near  the  charged  body.  If  there 
be  dust  or  moisture  on  the  insulator  the  electricity  will  be  conducted  away. 


* See  Appendix  to  Part  I. 


40 


Electricity  in  the  Service  of  Man. 


o prevent  the  condensation  of  moisture  glass  insulators  are  often  coated 
with  a thin  layer  of  shellac.  There  is,  however,  an  objection  to  this  remedy 
as  particles  of  dust  stick  to  the  shellac,  and  are  not  so  easily  removed.  A 
better  method  is  that  adopted  by  Professors  Ayrton  and  Perry,  who  place 
their  insulators  in  glass  vessels  with  strong  sulphuric  acid,  or  some  other  desic- 
cating agent. 


ELECTRIFICATON  BY  STATICAL  INDUCTION. 

Rie&s  s Induction  Apparatus — The  presence  of  an  electrified  body  is 
sufficient  to  produce  signs  of  electricity  in  a neighbouring  conductor.  To 

show  this  influence  of  electricity,  Riess 
devised  the  apparatus  represented  in 
Fig.  27.  The  stand  / has  three 
movable  arms,  the  middle  portion  of 
each  consisting  of  glass.  The  highest 
arm  holds  a brass  rod,  or  hollow 
cylinder,  neatly  rounded  at  its  ends, 
which  has  pith  balls  at  different  places 
suspended  by  means  of  thin  metal 
wires ; the  middle  arm  supports  the 
glass  plate  and  the  lowest  arm  the 
brass  ball  e.  The  rod  a is  in  a line 
with  the  centre  of  this  brass  ball. 
The  three  arms  are  so  arranged  that 
all  the  parts  are  near  to  each  other, 
but  are  not  in  contact.  Immediately 
the  ball  e is  charged,  the  rod  a f> 
becomes  also  electrified.  This  is 
manifested  by  the  repulsion  of  the 
pith  balls.  The  ball  e and  the  rod  a b 
do  not  touch  each  other,  being  sepa- 
rated by  the  glass  plate  d.  It  is  evident,  therefore,  that  e influences  a b through 
the  intervening  medium.  Electrification,  when  produced  in  this  manner,  is  said 
to  have  been  caused  by  induction.  By  placing  the  pith  balls  at  different  heights 
we  may  prove  that  the  density  of  the  electricity  on  a is  greatest  at  its  ends.  If 
we  move  the  pith  balls  along  the  rod,  we  find  that  at  a point  near  the  middle  of 
the  rod  the  density  is  nought.  If  now  we  examine  the  electricity  on  the  two 
ends  of  a b,  we  find  that  the  electrical  condition  of  a is  opposite  to  that  of 
the  brass  ball  e,  and  the  electrical  condition  of  b opposite  to  that  of  a.  The 
point  at  which  there  is  no  sign  of  electrification  is  not  quite  in  the  middle  of 
rod  a b,  being  nearer  a than  b.  The  influenced  body  retains  its  electrification 
only  so  long  as  the  ball  e is  not  withdrawn.  We  can,  however,  permanently 
charge  a b hy  simply  preventing  the  two  electricities  from  uniting.  Let  a b 
consist  of  two  parts.  Suppose  e to  be  positively  electrified.  On  bringing  e 


Fig.  27. — Riess’s  Induction  Apparatus. 
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near  a b the  latter  will  come  under  induction  and  negative  electrification 
will  be  found  on  the  lower  half,  and  positive  on  the  upper  part  of  a b. 
If  now  the  two  parts  are  separated  from  each  other,  e may  be  removed  also,  or 
discharged,  and  yet  the  two  parts  ol  a b will  retain  their  charges.  The  parts  a 
and  b,  of  course,  must  be  well  insulated  as  regards  the  rest  of  the  apparatus. 
Negative  electricity  only  is  obtained  when  a b connected  for  an  instant  with 
the  earth,  the  connection  being  removed  before  the  removal  of  the  influencing 
charge  on  e.  The  relation  between  the  charges  on  the  influencing  bodies  and  the 
influenced  conductors  may  be  shown  by  the  following  experiment : Two  equal 
brass  balls,  each  insulated,  are  so  placed  that  they  touch  each  other ; a third  ball, 
considerably  larger,  and  charged  with  positive  electricity,  is  brought  near  them  ; 
the  three  balls  are  so  arranged  that  their  centres  lie  in  a straight  line.  The  ball 
nearest  the  charged  one  shows  negative  electricity;  the  ball  farthest  from 
the  charged  one  shows  positive  electricity.  The  charge  of  the  near  ball  is 
measured  by  means  of  the  torsion  balance,  and  the  ball  brought  back  again 
to  its  former  position.  The  large  ball  now  is  touched  by  another  equal  to 
it;  by  doing  so,  the  charge  of  the  inducing  ball  is  diminished  to  one-half 
of  its  original  charge.  The  remaining  charge  is  now  allowed  to  influence 
the  two  small  balls  again,  and  the  near  ball  is  again  examined  by  means 
of  the  torsion  balance.  Allowing  for  leakage,  we  now  obtain  a result  which 
is  one-half  of  the  first.  From  this  we  may  conclude  that  the  quantity  of 
the  induced  charge  is  proportional  to  the  quantity  of  the  inducing  charge. 

.^Epinus  rubbed  the  end  of  an  unelectrified  glass  tube  with  an  electrified  one, 
and  found  that  the  electricity  at  that  particular  spot  was  similar  to  that  of  the 
electrified  tube;  he  also  found  a spot  in  the  glass  tube  that  was  oppositely 
electrified,  and  a third  place  similarly  electrified.  This  may  serve  to  show  that 
electrified  bodies  not  only  influence  conductors,  but  insulators  also.  This  may 
also  be  seen  by  means  of  Riess’  apparatus  (Fig.  27).  The  brass  rod  or  cylinder 
ab  must  be  replaced  by  some  insulator,  for  instance,  a shellac  rod.  If  the 
ball  ^ is  positively  electrified,  the  shellac  rod  on  the  near  end  (that  is,  the 
end  nearest  the  ball  e)  will  be  found  to  be  negatively  electrified.  The  difference 
between  good  conductors  and  good  insulators  is,  however,  very  marked.  Con- 
ducting bodies  when  brought  near  an  electrified  body  are  at  once  influenced 
but  return  to  their  ordinary  state  at  once  on  the  removal  of  the  charged  body  •' 
with  non-conducting  bodies  both  processes  take  a considerable  time. 

Theory  of  Induction.— We  will  next  try  to  explain  the  phenomena  con- 
nected with  induction.  What  has  been  said  already  comes  to  this  : An  electrified 
body  influences  an  insulated  non-electrified  body  in  such  a manner  that  the 
la  ter  becomes  charged  with  both  kinds  of  electricity,  the  electrified  body 
attracting  the  kind  unlike  its  own  and  repelling  that  which  is  similar  to  its 
own.  The  inducing  body  loses  none  of  its  electricity,  and  the  quantities  of 
he  induced  charges  are  equal  to  one  another,  and  are  proportional  to  those  of 
charges.  When  the  inducing  charge  is  removed  the  influenced 

yje  urns  to  its  ordinary  state.  If,  however,  the  body,  while  under  induction. 
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be  connected  with  the  earth  for  an  instant,  the  electrification  similar  to  that  of  the 
inducing  body  disappears  ; then  if  the  influencing  body  be  removed,  the  insulated 
conductor  remains  charged  with  a kind  opposite  to  that  of  the  inducing  charge. 

Assuming,  temporarily,  that  there  are  two  kinds  of  electricity,  the  fact  that 
conducting  bodies  become  electrified  when  near  charged  bodies,  without  loss  of 
electricity  by  the  latter,  but  appear  unelectrified  when  the  charged  body  is 
withdrawn,  shows  that  both  kinds  of  electricity  must  have  been  present  in  the 
conductor  previous  to  the  induction.  They  could  not,  however,  be  detected 
before  induction,  because  they  neutralised  each  other.  We  conclude,  therefore, 
that  every  non-electrified  body  possesses  an  infinite  amount  of  both  positive  and 
negative  electricity  in  all  its  parts,  and  in  equal  quantities.  It  does  not,  how- 
ever, exhibit  any  signs  of  electrification  while  these  equal  quantities  of  positive 
and  negative  electricity  neutralise  each  other.  Electrification  by  induction  is, 
on  this  supposition,  merely  a separation  of  the  positive  and  negative  electricities, 
in  consequence  of  the  presence  of  an  electrified  body  and  the  attraction  of  the 
opposite  kind  of  electricity,  and  repulsion  of  the  similar  kind  of  electricity  to 
that  of  the  influencing  charge.  Assume  the  charged  body  to  have  positive 
electricity.  When  a non-electrified  body  is  brought  near  it  we  have  to  do  with 
three  distinct  charges  of  electricity,  the  positive  charge  of  the  inducing  body 
and  the  positive  and  negative  induced  charges. 

By  means  of  these  assumptions  it  is  easy  to  explain  the  action  between  an 
electrified  body  and  an  insulated  conductor  that  is  brought  into  contact  with  it 
Before  contact  takes  place  the  conductor  is  under  the  influence  of  the  electrified 
body,  the  original  charge  attracts  that  kind  of  electricity  which  is  opposite  to 
itself,  and  in  its  turn  is  attracted  by  the  opposite  induced  charge.  When  the 
bodies  touch,  the  attracting  and  opposite  charges  at  once  unite.  As  they  unite, 
however,  the  separation  of  the  induced  electricities  depending  on  the  independent 
existence  of  the  original  charge  disappears.  The  result  is  that  equal  quantities 
of  both  original  and  induced  electricity  neutralise  each  other.  If  -f-  be  the 
original  charge,  and  - i and  -|-  i the  induced  charges,  then  the  — i is  neutralised 
by  an  equal  quantity  of  -t-  e,  leaving  the  -|-  i and  the  remainder  of  the  + e 
distributed  over  the  two  conductors,  and  the  two  bodies,  being  similarly  elec- 
trified, will  repel  each  other.  The  action  which  took  place  in  the  experiment 
(Fig.  27),  when  the  conductor  a b was  connected  with  the  earth,  may  also  be 
now  explained.  The  conductor  a b has  at  a an  induced  negative  charge  of 
electricity,  and  at  b an  induced  positive  charge  of  electricity,  since  the  inducing 
body  is  positively  electrified.  If  now  we  touch  a b with  another  conductor,  the 
induced  charge  of  positive  electricity  at  b will  be  repelled  as  far  away  as  possible, 
and  will  spread  itself  over  the  distant  conductor.  In  removing  this  part  of  the 
conductor  the  positive  charge  will  be  removed  with  it,  becoming  distributed 
over  its  surface  according  to  certain  definite  laws  which  will  be  explained 
farther  on.  If  now  this  conductor  be  connected  with  a large  conductor 
(the  earth,  for  instance),  then  the  positive  free  charge  will  spread  itself 
over  the  large  surface,  the  electrical  condition  of  which,  in  consequence  of  its 
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size,  will  not  be  practically  affected.  The  electricity  remaining  on  a will  of 
course  be  negative. 

Theory  of  Potential — It  has  been  pointed  out  that  the  relative  elec- 
trical condition  of  two  bodies  may  be  such  that  a discharge  of  electricity  takes 
place  between  them  when  they  are  brought  into  contact  or  are  connected  by 
a wire.  We  have  now  to  give  a name  to  this  relative  electrical  condition, 
and  to  make  certain  explanations  respecting  it.  We  shall  be  assisted  in 
the  explanations  by  an  analogy,  which  we  shall  frequently  make  use  of  for  a 
similar  purpose.  The  analogy  is  that  of  two  bodies  in  different  electrical 
conditions  to  two  water-tanks  at  different  levels.  If  the  two  tanks  are  connected 
by  a pipe,  the  discharge  of  water  from  one  to  the  other  takes  place  because  of 
the  difference  of  level ; water  flows  from  that  tank  that  has  the  higher  level.  In 
the  case  of  electricity  we  use  similar  language,  but  use  the  word  potential  instead 
of  level.  If  when  two  bodies  are  connected  by  a wire  or  brought  into  contact, 
positive  electricity  passes  from  one  to  the  other,  we  say  that  there,  was  a dif- 
ference of  electrical  potential  between  them,  and  that  the  body  from  which  the 
positive  electricity  passed  had  the  higher  potential.  The  transfer  of  positive 
electricity  always  takes  place  from  a higher  potential  to  a lower,  and  the  transfer 
of  negative  electricity  from  a lower  to  a higher.  When  no  water  flows  through 
two  tanks  on  connection  being  made  between  them,  we  know  they  must  be  at 
the  same  level ; and  similarly  if  no  discharge  takes  place  between  two  bodies 
when  they  are  electrically  connected  they  must  be  at  the  same  potential. 
Conversely,  if  they  are  at  the  same  potential  no  discharge  of  electricity  will  be 
brought  about  by  connecting  them.  If  we  can  find  a level  of  reference,  we  may 
speak  of  each  tank  as  having  a certain  level,  as  for  instance,  so  many  feet  above 
high  water  mark.  Similarly,  we  may  speak  of  a body  as  having  a certain 
potential  if  we  assume  the  potential  of  the  earth  to  be  zero.  When  water  falls 
to  a lower  level  it  will  do  work,  and  when  it  has  fallen  from  a higher  to  a lower 
evel  the  difference  of  level  cannot  be  restored  without  the  expenditure  of  work 
For  every  pound  of  water  that  is  lifted  through  a difference  of  level  equal  to  a 
oot,  one  foot-pound  of  work  is  done,  no  matter  what  is  the  shape  of  the  path 

wLTI'h  n hT  ."I"  « be  a quantity  of 

waterand  D a difference  of  level  through  which  it  is  raised,  then  the  work  done 

higher  ooZhs' ^ r'T"''  bansferred  from  one  body  to  another  at  a 

electricir  an^n"fh°'‘U''’'‘'""®  be  the  quantity  of 

0 UD  to  ,r  n ^ difference  of  potential,  the  work  required  to  transfer 

Td  Hence  ® r QD-  If  Q be  i,  or  unity,  then  the  work 

ditr'  **  c / following  definition;  Difference  of  potentials  is  a 

dfference  of  electrual  condition  in  virtue  of  which  work  Is done  hy  poiiTeZricitt 

the  ^ potential  to  that  at  a lower  potejitial  attd 
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we  can  speak  of  the  potential  at  any  point — a theoretical  and  a practical  way. 
The  theoretical  method  consists  in  calling  the  potential  at  a point  the  difference 
between  the  potential  at  that  point  and  at  a point  a very  long  way  from  the 
electricity  that  produces  the  electrical  force.  the  potential  at  any  point  is 

the  work  that  must  be  spent  upon  a unit  of  positive  electricity  in  bringing  it  up  to 
that  point  from  an  infinite  distance. 

If  there  be  a quantity  of  electricity,  at  a point  a,  the  potential  due  to  ^ at  a 

q 

distance  r from  A will  be 

r 

The  practical  zero  of  potential  is  that  of  the  earth  ; hence  for  practical 
purposes  tlie  potential  of  a body  is  considered  to  be  the  excess  or  defect  of  its 
potential  above  or  below  that  of  the  earth  in  its  neighbourhood. 


Fig.  28.  —The  Theory  of  Potential. 


Illustrations. — Let  k be  an  electrified  body,  and  let  / be  a very  small 
electrified  particle  (Fig.  28).  If  k and  t have  similar  electricities  they  will  repel 

• Suppose  at  a point  c there  is  a quantity  q of  electricity,  and  let  a and  B be  two  points  on 
the  same  line,  at  distances  r and  r\d  from  c,  so  that  the  distance  a b is  Let  v,  and  v,  be 
the  potentials  at  A and  B respectively  due  to  q at  c.  Then  the  difference  Vj— Vj  is  the  wor 
done  in  bringing  a unit  of  electricity  from  b to  a. 

c r A a?  B 

9 • ' • 

q Vi  Vj 

, q 

The  force  at  a between  two  quantities,  q and  i,  is 

q 

The  force  at  B is 

Hence  the  work  (force  by  distance)  required  to  carry  i from  a to  B lies  between 

f A 

yi  and  • 

As  these  are  very  near  together,  we  may  therefore  take  their  geometrical  mean  as  the  quantity 
between  them  which  we  require. 

qd  q 9 

The  mean  = 

Hence  Vi  - Vj  = 

II  V,  = then  V,  to  be  of  the  same  form  must  be  equal  to  and  this  satisfies  the 

^ . . . q . 

equation.  Therefore  the  potential  at  a point  distant  r from  q y 
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each  other,  and  the  particle  if  free  from  the  influence  of  other  forces,  will  move 
from  K into  space.  The  motion  of  t is  caused  by  the  force  of  repulsion  between 
the  charges  on  the  two  bodies.  Work  would  be  required  to  restore  t to  its  first 
position,  and  therefore  work  must  be  done  in  the  repulsion  of  t.  The  amount 
of  work  done  depends  upon  the  force  exerted  and  the  distance  which  t has 
gone  through ; and  it  is  measured  by  the  product  of  the  force  and  the  distance. 
The  amount  of  work  done  will  not  be  affected  by  the  path  pursued  by  the 
particle  / in  passing  from  one  position  to  another.  Whether  the  particle  in 
order  to  reach  c takes  the  direction  a c or  the  direction  / b c,  the  amount  of 
work  done  will  be  the  same.  It  is  not  the  direction,  but  the  distance  measured 
in  the  direction  of  the  force,  that  determines  the  amount  of  work  done.  What 
holds  good  for  t holds  good  for  every  other  body  surrounding  K.  Whatever 
point  may  be  taken,  a certain  amount  of  work  must  be  done  to  bring  t to 
that  point.  The  work  done  against  the  electrical  repulsion  between  k and  t 
in  order  to  bring  t from  an  infinite  distance  to  a certain  point,  is  the  potential 
at  that  point  due  to  the  influence  of  K.  Each  point  at  a certain  distance  from 
the  electrified  body  being  at  a fixed  potential,  the  body  must  be  surrounded 
by  concentric  areas  or  surfaces  of  equal  potentials.  These  areas  are  called 
equipotential  surfaces,  and  are  such  that  all  points  on  any  one  of  them  have  the 
same  potential.  On  different  areas  the  potential  is  different,  becoming  smaller 
the  farther  away  the  respective  area  is  from  the  electrified  body.  For  example  ; 
if  the  body  possesses  a symmetrical  shape,  as  that  of  a sphere,  and  is  in  a 
perfect  homogeneous  medium,  the  equipotential  surfaces  will  be  similar  in 
form ; that  is  to  say,  they  will  be  spherical.  Positive  particles  will  be  repelled  in 
such  a manner  that  they  will  move  from  equipotential  surfaces  of  higher  to 
those  of  lower  potential ; and  each  particle  will  choose  the  shortest  way  from 
one  equipotential  surface  to  the  other.  The  curves  which  the  repelled  particles 
describe  are  termed  lines  of  force.  They  are,  as  a rule,  curves,  the  form  of 
which  depends  on  that  of  the  equipotential  surfaces,  while  the  forms  of  these  sur- 
faces are  determined  by  the  shape  of  the  body  itself.  We  had  analogous  lines 
of  force  in  the  chapter  on  magnetism  (Figs.  3 and  8).  The  space  these  curves 
occupy  is  called  a field,  and  we  distinguish  between  magnetic  and  electric  fields. 

Electrometers. — We  have  now  to  consider  how  we  can  test  the  difference 
of  potential  of  two  bodies  without  causing  a discharge  of  the  electricity  upon 
them.  Instruments  for  this  purpose  have  been  devised  by  Dellman,  Kohlrausch, 
and  Kelvin.  Fig.  29  represents  Kohlrausch’s  Torsion  Electrometer.  The 
arm  a a IS  made  of  silver  and  fixed  by  means  of  the  pieces  of  shellac  b b.  The 
beam  of  the  balance,  also  of  silver,  hangs  by  the  glass  thread  i in  such  a 
manner  that  it  is  able  to  lean  on  both  sides  of  the  arm  a a,  in  consequence 
o the  bendings  of  the  latter.  The  instrument  is  used  for  taking  measure- 
ments in  a way  similar  to  that  in  which  the  “ Torsion  balance  ” is  used.  The 
most  sensitive,  and  that  most  adapted  for  exact  measurement  of  very  small 
quantities  of  electricity,  is,  however,  the  quadrant  electrometer  of  Sir  William 
t nomson  (now  Lord  Kelvin),  which  is  almost  universally  adopted. 
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The  Quadrant  Electrometer. — The  characteristic  features  of  this  in- 
strument are  the  following  : A light  body  connected  with  the  inner  coat  of  a 
Leyden  jar,  by  which  it  is  charged,  hangs  near  two  bodies  whose  electrical 
Slate  is  to  be  tested.  The  difference  of  electrical  condition  is  measured  by  the 

resultant  attraction  of  the  light  body. 
In  Lord  Kelvin’s  instrument  the  light 
body  is  a very  thin  aluminium  needle 
c,  shaped  like  a figure  8,  shown  partly 
by  a dotted  line  in  Fig.  30,  and  within 
the  quadrants  a b in  Fig.  31.  This 
flat  needle  is  hung  by  a wire  from  an 
insulated  stem  inside  a Leyden  jar 
with  hemispherical  base  (Fig.  31). 
This  Leyden  jar  contains  a cupful  of 
strong  sulphuric  acid,  which  forms  its 
inner  coating.  A wire  stretched  by 
a weight  w dips  into  the  acid,  and 
connects  the  needle  with  this  inner 
coating.  The  needle  carries  a small 
mirror,  which  serves,  as  in  the  reflect- 
ing galvanometer,  to  indicate  the  de- 
flection by  reflecting  a beam  of  light 
on  to  a scale.  The  needle  c hangs 
inside  four  quadrants  a-|-,  b — , c-t-, 
D - (Fig.  30),  insulated  by  glass 
stems.  The  quadrant  a-1-  is  in  elec- 
trical connection  with  c-i-,  and  b — 
is  in  connection  with  d - , as  shown 
by  the  wires  in  the  figure. 

Let  us  suppose  the  needle  c 
charged  to  a high  negative  potential ; 
then  if  the  quadrants  are  symmetrically 
placed  it  will  deflect  neither  to  the 
right  nor  to  the  left,  so  long  as  a-|- 
and  B — are  of  the  same  potential. 
If  B be  negative  relatively  to  a,  the  end 
of  c under  a and  b will  be  repelled 
from  B to  A,  and  at  the  same  time  the  other  end  of  c will  be  repelled  from 
D to  c.  The  motion  will  be  indicated  by  the  motion  of  the  spot  of  light 
reflected  by  the  mirror,  the  deflection  being  sensibly  proportional  to  the  difference 
of  potential  between  a and  b.  The  number  of  divisions  which  the  spot  of  light 
traverses  on  the  scale  will  therefore  measure  the  difference  of  potential  be- 
tween A and  B.  This  instrument  is,  therefore,  an  electrometer,  and  not  a 
mere  electroscope. 


Fig.  29. — Kohlrausch’s  Torsion  Electrometer. 
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Two  terminals  / m (Fig.  31)  serve  to  charge  a and  b.  They  can  be  lifted 
up  out  of  contact  with  a and  b after  charging  them.  The  third  terminal  p is 
attached  to  a little  electrical  machine  inside  the  jar  called  a replenisher.,  by 


which  the  charge  of  the  jar  can 
be  increased  at  will.  There  is 
also  a gauge  by  which  the  con- 
stancy of  the  charge  can  be 
measured.  Some  of  these  in- 
struments are  made  so  sensi- 
tive as  to  give  a deflection  of 
one  hundred  divisions  for  the 
difference  of  potential  between 
zinc  and  copper  in  contact. 

Seat  and  Distribution  of 
Electricity. — We  have  seen 
that  every  electrified  particle  free 
to  move  will  travel  from  a high 
potential  to  a lower.  If  we 
charge  a conducting  substance 
with  a certain  quantity  of  elec- 
tricity, each  part  of  this  elec- 
tricity repels  the  rest,  and,  in 
consequence,  moves  from  posi- 
tions of  high  potential  to  those 
of  lower  potential.  The  electri- 
city tries,  so  to  speak,  to  dis- 
perse itself  as  far  as  possible. 
In  fact,  it  will  do  so  until  an 
obstacle  comes  in  its  way.  The 
electricity  in  the  conductor  itself 
moves  very  rapidly  in  all  direc- 
tions, and  only  encounters  an 
obstacle  at  the  surface  of  the 
conductor.  If  it  be  surrounded 
by  dry  air,  which  is  a bad  con- 
ductor of  electricity,  the  disper- 
sion stops  at  the  surface.  The 
surface,  then,  must  have  one 
potential  only ; if  not,  the  elec- 
tricity would  move  from  it  to  a 
lower  potential,  or  to  it  from  a 
higher  one.  This  may  be  ex- 
pressed thus : Whenever  the 

electricity  on  a conductor  is 


3°- — The  Quadrant  in  Lord  Kelvin’s 
Electrometer. 
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in  equilibrium,  each  part  of  the  conductor  has  the  same  potential  as  the 
surface,  and  electricity  is  distributed  only  over  the  surface  of  the  conductor.  The 
surface  of  a conductor  in  electrical  equilibrium  is,  therefore,  an  equipotential 
surface.  To  prove  this  experimentally  an  apparatus  with  a movable  surface,  as 
shown  in  Fig.  32,  is  used.  The  brass  ball  a rests  on  a glass  rod,  and  can  be 
accurately  covered  by  the  hemispheres  B and  c ; both  hemispheres  have  insulated 
handles.  Cover  a by  means  of  b and  c,  and  charge  the  apparatus ; after  the 
removal  of  b and  c,  a shows  no  sign  of  electricity,  whilst  b and  c remain 
electrified.  The  experiment  may  be  varied  by  first  charging  a,  and  then  placing 
B and  c over  it.  The  electricity  that  was  at  first  on  the  surface  of  a passes  to 

the  surface  of  b and  c,  and 
can  be  removed  with  them. 

By  means  of  the  torsion 
balance  it  may  also  be  proved 
that  electricity  resides  only  on 
the  surface  of  bodies.  Take 
two  equal  balls,  one  a brass 
ball,  the  other  a wooden  one, 
covered  with  a conducting 
material.  Let  these  balls  be 
of  the  same  size  as  those  in 
the  torsion  balance.  The  ball 
D (Fig.  26)  is  charged  and 
inserted  so  as  to  touch  bj  d 
Fig.  32. — Conducting  Sphere  and  Movable  Hemispheres,  and  B will  have  similar  elec- 
tricity, and  the  two  balls  will 
repel  each  other.  If  we  touch  d with  the  brass  ball,  it  loses  part  of  its  elec- 
tricity, and  the  angle  diminishes  accordingly ; if,  instead  of  the  brass  ball,  we 
touch  D with  the  covered  wooden  ball,  the  change  of  angle  will  be  exactly  the  same. 

The  distribution  of  electricity  on  conductors  of  variable  curvature  is  not  uni- 
form. At  one  portion  of  its  surface  the  conductor  has  a larger  quantity  of  electricity 
per  unit  of  area  than  at  another.  In  other  words,  the  density  of  electricity  at 
different  places  is  different.  Fig.  33  represents  a conductor  whose  sections  by 
planes  in  one  direction  are  circles,  and  a kind  of  pointed  ellipse  a b d c in 
a direction  at  right  angles  to  the  former  (that  is  to  say,  through  the  axis).  The 
depth  of  the  space  marked  off  round  this  conductor  is  proportional  at  each  point 
to  the  electrical  density.  Let  us  assume  the  distribution  on  the  surface  of  the 
conductor  to  be  at  first  uniform — a condition  which  we  may  represent  by  particles 
at  equal  distances  from  each  other.  Having  so  represented  the  distribution,  and 
then  supposed  the  particles  to  be  endowed  with  a power  of  repelling  one  another, 
let  us  observe  to  what  extent  any  one  of  the  particles  will  influence  its  neighbour. 
The  particle  a is  repelled  by  b in  the  direction  b f,  and  by  the  particle  c in  the 
direction  c e (the  influence  of  the  other  particles  on  a need  not  be  considered 
on  account  of  their  greater  distance).  H a e and  a /represent  the  magnitudes 
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and  directions  of  the  forces  c and  b exercise  on  a,  the  resultant  of  these  two 
forces  may  easily  be  found  by  completing  the  parallelogram  a,  e,  r-^,  /;  hence 
a ri  is  the  resultant.  In  the  same  manner  we  find  the  resultant  of  the  forces 
acting  on  c (a  and  d acting  on  c)  which  is  represented  by  the  line  c r^.  The  re- 
sultant for  the  particle  d d and  so  on.  We  find  the  resultants  become 
smaller  the  farther  we  get  away  from  a.  Particles  on  the  portion  between  a c 
and  B D will  have  resultants  equal  o ; therefore  all  the  particles  on  this  portion 
will  be  in  equilibrium.  The  particles  lying  on  the  curve  B a d are  not  in  equili- 
brium, and  the  resultants  that  tend  to  move  them  become  larger  the  closer  the 
particles  are  to  a.  The  reason  for  the  increase  of  the  respective  resultants  may 
easily  be  seen  from  the  drawing.  As  the  curve  increases,  the  angle  between  the 
component  forces  becomes  smaller,  and  the  diagonal,  or  resultant,  larger.  These 
resultants  may  be  taken  to  represent  the  density  which  the  charge  will  assume  at 


Fig.  33. — To  Illustrate  Surface  Density. 


the  different  places,  and  the  rate  at  which  the  density  increases  may  be  seen  by 
comparing  r^,  in  Fig.  33.  We  further  find  that  along  a b and  c d the 
density  is  the  same.  On  a sphere  the  density  will  be  the  same  at  all  parts.  On 
all  other  bodies  electricity  is  not  uniformly  distributed.  An  ellipsoid,  for  instance, 
has  its  greatest  density  at  the  vertex.  The  distribution  of  electricity  can  be  ex- 
perimentally tested  by  means  of  the  proof  plane  (a  small  piece  of  gold  leaf  or 
other  conducting  substance  fastened  to  a glass  rod).  The  proof  plane  removes 
electricity  from  the  charged  body  without  altering  its  condition  to  any  consider- 
able extent.  The  quantity  found  to  exist  on  the  proof  plane  will  measure  the 
density  at  the  particular  place  tested. 

Point  Discharge. — We  have  seen  that  the  density  depends  on  the  curva- 
ture of  the  surface,  and  is  always  greatest  where  the  curvature  is  greatest.  We 
may  imagine  every  curved  surface  to  consist  of  superficies,  which,  according  to 
the  amount  of  curvature  they  have,  may  be  parts  of  larger  or  smaller  spheres. 
A level  plain,  therefore,  may  be  said  to  be  part  of  an  enormously  large  sphere, 
a point  a sphere  infinitely  small.  The  earth,  in  comparison  to  all  other  movable 
conductors  on  its  surface,  has  an  infinitely  small  curvature,  and  therefore  the 
density  of  the  electricity  upon  it  must  be  proportionately  small. 
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When  a conductor  terminates  in  a point,  the  density  must  be  greatest  at 
that  point,  no  matter  how  small  or  how  large  is  the  charge  of  the  body  itself. 
Every  electrified  body  loses  its  charge  in  time,  th®  loss  being  due  to  leakage 
along  the  dirty  or  moist  surface  of  insulators,  or  to  moist  air.  As  has  been 
shown,  all  the  electrified  particles  on  the  surface  of  a conductor  struggle  to  get 
free  from  it,  and  are  only  kept  in  position  by  the  medium  which  surrounds  them. 
Whenever  the  density  becomes  great  enough  to  overcome  the  resistance  of  the 
medium  to  disruption,  the  conductor  cannot  take  up  more  electricity,  and  any 
further  charge  will  flow  into  the  air.  In  the  dark  we  may  observe  that  the  passage 
of  electricity  from  the  conductor  through  the  air  is  accompanied  by  light.  The 
force  which  tends  to  separate  the  electrified  particles  from  the  conductor  is  called 

electric  tension.  Tension  increases 
with  density,  and  is  therefore  greatest 
where  the  curvature  is  greatest  (Fig. 
33) ; therefore  the  tension  will  break 
down  the  air  resistance  most  easily  at 
the  points  at  which  the  surfaces  have 
the  greatest  curvature.  It  follows  that 
both  tension  and  density  must  be 
greatest  at  a point,  and  if  we  could 
furnish  a body  with  a mathematical 
point,  there  would  be  no  possibility 
of  charging  such  a body. 

The  escape  of  electricity  on  account 
of  the  electric  tension  causes  a current 
of  air  called  an  electric  whirl ; when  the  tension  is  great  this  current  becomes 
strong  enough  to  blow  out  a candle  flame.  The  flow  of  air  from  the  point 
forward  causes  a pressure  on  the  point  backwards,  for  action  and  reaction  are 
equal  and  contrary.  To  show  this  experimentally,  an  apparatus  represented  in 
Fig.  34  is  used.  It  consists  of  metal  bands  or  wires,  having  the  form  of  an 
S,  pointed  towards  the  ends,  and  free  to  move  on  a vertical  axis.  The  whole 
apparatus  is  placed  on  the  conductor  of  an  electric  machine,  as  shown  in  the 
figure.  As  soon  as  the  conductor  and  apparatus  (which,  of  course,  consists 
of  conducting  material)  have  acquired  a certain  charge  of  electricity,  elec- 
tricity rushes  from  the  points,  causing  a motion  of  particles  of  air  away 
from  the  points,  and  therefore  the  motion  of  the  wheel  in  the  opposite  direction, 
as  indicated  by  the  arrows.  The  efficiency  of  a point  to  effect  discharge  depends 
partly  on  its  position  \ for  instance,  a point  at  a (Fig.  33)  would  act  better  than 
a point  in  a b. 

A point  in  a conductor  under  induction  may  have  the  same  effect  as  contact 
with  the  earth.  For  instance,  k in  Fig.  35  represents  an  insulated  dectrified  ball. 
When  an  insulated  brass  cylinder  is  brought  near  a b,  there  will  be  induced  at  a 
the  opposite  electricity  to  that  of  k,  and  at  b similar  electricity  to  that  of  k. 
The  first  we  will  call  electricity  of  the  first  kind ; and  the  second,  electricity  cf 
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the  second  kind.  If  now  a point  is  screwed  into  the  conductor  at  b,  the  second 
kind  of  electricity,  on  3,  will  flow  from  it  into  the  air  ; in  this  it  will  be  assisted  by 
the  similar  electricity  of  K.  When  the  point  is  first  removed  and  then  K,  a <5  will 
possess  a charge  (opposite  to  k)  of  the  first  kind  ; we  see  then  that  a point  used 
thus  causes  electricity  of  the  first  kind  to  remain  in  the  induced  body  after 
removal  of  the  inducing  body.  If  we  alter  the  arrangement  and  put  the  point 
at  a,  but  leave  k in  its  former  position,  that  is,  opposite  to  a,  we  observe  the 
following  changes  when  k has  + electricity.  At  a we  have  - electricity,  and 
at  b -f  electricity ; the  point  at  a has  - electricity  also  and  causes  the  escape 


35- — Point  on  Conductor  under  Induction. 


of  — electricity.  After  the  removal  oi  y.,  a b remains  charged  with  + elec- 
tricity. But  we  find  that  the  positive  electricity  in  k has  been  diminished 
by  the  exact  amount  of  the  positive  electricity  in  the  cylinder.  We  know  that 
bodies  inducing  electricity  do  not  thereby  diminish  their  own;  how,  then,  are 
we  to  explain  the  action  of  the  point  ? In  consequence  of  the  great  density 
of  the  negative  electricity  on  the  point  at  a,  electricity  escapes  here,  and 
also  causes  a different  distribution  of  the  electricity  in  k.  The  density  on 
the  ball  k opposite  the  point  becomes  also  so  great  as  to  cause  electricity  to 
escape  towards  the  point.  The  escape  of  the  — electricity  from  the  point  a 
is  accompanied  by  a so-called  electrical  wind,  by  which  the  negatively  electrified 
particles  of  air  are  thrown  against  the  ball  k ; here,  of  course,  they  will  lose 
their  - electricity,  and  neutralise  part  of  the  positive  electricity  on  the  ball 
K.  If  we  did  not  know  what  really  happens,  we  should  think  the  point  at  a 
drew  the  electricity  from  k over  to  a b.  Again,  when  a positively  electrified 
body  has  a point,  and  an  unelectrified  body  is  brought  near  this  point,  the 
unelectrified  body  will  become  charged  with  positive  electricity.  The  great 
density  of  the  positive  electricity  at  the  point  in  the  charged  body  causes  the 
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- electricity  of  the  non-electrified  body  to  flow  over  to  the  point,  and  at  the 
same  time  some  of  the  - electricity  in  the  non-electrified  body  is  neutralised 
by  the  positively  electrified  dust  particles  discharged  from  the  point.  The 
tendency  of  points  to  produce  discharge  must  be  taken  into  account  in  the 
construction  of  apparatus,  and  sharp  edges,  etc.,  must  be  avoided. 

Glowing  or  Burning  Bodies — Flames  on  conductors  produce  the  same 
phenomena  as  observed  by  means  of  points  on  conductors,  etc.  The  formation 
of  points  in  burning  bodies  is  far  more  perfect  than  the  artificial  formation,  and, 
as  a result,  the  best  way  to  discharge  the  electrification  of  non-conducting  bodies 
is  to  draw  them  several  times  through  a gas  flame. 


ELECTRICAL  MACHINES. 

To  produce  greater  quantities  of  electricity  we  replace  the  glass  or  sealing-wax 
rods  by  the  electrical  machine.  We  will  describe  in  succession  the  Disc  or 
Plate  Machine,  Steam  Electrical  Machine,  Electrophorus,  and  the  best  Induction 
Machines. 

The  Plate  Machine  in  course  of  time  has  gone  through  many  alterations ; 
its  essential  parts,  however,  remain  the  same.  Fig.  36  represents  the  form 
the  Vienna  electrician.  Winter,  has  given  it.  The  principal  parts  are  the 
glass  or  ebonite  disc  s,  the  rubber  r,  and  the  two  conductors  c c.  Gj 
G3  G4  are  glass  rods  used  as  supports.  On  Gj  rests  one  end  of  the  wooden 
axis  of  the  glass  plate ; G,  supports  the  other  end.  G3  supports  a U-shaped 
piece  of  wood,  which  is  so  arranged  that  between  each  limb  and  the  glass 
plate  a rubber  r may  be  inserted.  These  rubbers  consist  of  flat  pieces  of 
wood  covered  first  with  some  woollen  cloth,  and  over  this  leather.  The 
leather  itself  has  a coating  of  tin,  zinc,  or  mercury  amalgam,  and  is  pressed 
against  the  disc  by  a spring,  which  lies  between  the  limb  of  the  wooden 
U-shaped  frame  and  the  rubber.  Both  rubbers  are  connected  with  the  negative 
conductor.  The  positive  or  prime  conductor,  a hollow  brass  ball,  rests  on  the 
glass  bar  G4.  Wooden  rings  r run  from  the  brass  ball  .parallel  to  the  glass 
plate  on  each  side  of  it ; the  portion  of  the  ring  facing  the  glass  plate  is  covered 
with  tinfoil,  which  is  in  connection  with  the  conductor,  and  carries  metal  points 
so  arranged  as  to  stand  at  right  angles  to  the  plate,  and  as  near  to  it  as  possible 
without  touching  it.  Winter,  as  a rule,  further  adds  a wooden  ring  w,  which 
has  a spiral  of  metal  in  it.  Experiments  have  shown  him  that  this  ring 
acts  exactly  as  a sphere  of  the  same  radius  would  do.  It  is  a kind  of  collector 
or  condenser,  and  on  adding  the  ring,  therefore,  the  length  of  spark  obtained 
from  the  machine  is  considerably  increased.  On  the  side  of  the  conductor  c, 
opposite  to  the  two  rings,  is  a small  brass  ball,  where  the  density  is  always  greater 
than  at  any  other  place  on  the  conductor.  A spark  will  pass  most  readily  from 
this  little  ball  over  to  a discharger  e,  brought  near  the  conductor.  By  means  of 
the  handle  k the  machine  is  turned  in  the  direction  of  the  arrow.  The  glass 
plate  is  rubbed  against  the  amalgamated  rubber,  and  becomes  positively  charged. 
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Glass  being  a bad  conductor,  the  electricity  does  not  spread  all  over  the  plate, 
but  remains  where  it  is  produced.  If  we  continue  to  turn  the  machine,  these  parts 
of  the  plate  carrying  with  them  the  positive  electricity  will  come  under  the  metal 
points  of  the  wooden  rings  r. 

The  positive  electricity  on  the 
surface  of  the  plate  by  forcing 
the  positive  electricity  to  the 
farthest  end  of  the  conductor, 
and  attracting  the  negative 
electricity,  will  now  cause  a 
discharge  at  the  metal  points 
of  r on  to  the  plate  s.  This 
induced  negative  electricity  will 
neutralise  the  positive  electri- 
city of  the  glass  plate,  and  the 
glass  plate  will  leave  the  metal 
rings  unelectrified.  But  new 
positive  electricity  can  now  be 
produced  in  the  same  manner, 
and  the  process  be  repeated ; 
if  we  continue  to  rotate  the 
plate  s,  the  positive  electricity 
in  the  conductor  will  accu- 
mulate ; we  also  know  that 
we  produce  positive  and  nega- 
tive electricity  in  equal  quan- 
tities ; what,  then,  has  become 
of  the  latter?  Negative  elec- 
tricity is  produced  on  the 
rubbers,  which,  as  we  have 
mentioned,  are  connected 
with  the  negative  conductor 
a Hence  the  negative  elec- 
tricity produced  passes  directly 
to  the  negative  conductor, 
and  accumulates  there.  If 
now  we  continue  to  rotate  36-  Winter’s  Electric  Machine. 

the  disc,  the  collected  nega- 
tive electricity  will  soon  have  a sufficient  density  to  unite  with  the  positive 
electricity.  They  will  then  neutralise  each  other,  and  the  machine  will 
discharge  itself.  To  prevent  this,  the  negative  electricity  is  passed  to  the 
earth  by  attaching  a chain  to  the  negative  conductor.  By  continued  rotation  the 
charge  of  the  positive  conductor  will  now  increase.  We  cannot,  however,  continue 
this  process  very  long,  as  the  density  on  the  positive  conductor  will  ultimately 
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When,  however,  the  positive 
electricity  is  also  conducted 
away,  the  machine  will  be  a 
continued  source  of  elec- 
tricity as  long  as  the  plate 
rotates.  If  only  sparks  are 
required,  the  chain  sus- 
pended from  the  negative 
conductor  is  brought  into 
contact  with  the  discharger, 
as  shown  in  the  figure.  If 
we  require  - instead  of  + 
electricity,  the  chain  is  re- 
moved from  the  negative 
conductor,  and  placed  on  the 
+ conductor.  We  can  then 
collect  the  negative  elec- 
tricity from  the  lower  con- 
ductor. 

Hydro-Electric  Ma- 
chine.— An  engine-driver 
named  Seghill  observed  in 
1840  that  the  steam  escaping 
from  a safety-valve  may  be- 
come electrified.  Armstrong 
and  Pattinson  insulated  the 
boiler,  and  placed  metal 
points  opposite  the  escaping 
steam.  The  metal  points 
were  in  connection  with  a 
conductor  These  experiments  showed  that  the  steam  became  positively  elec- 
tnned,  and  the  boiler  negatively. 

Armstrong  constructed  the  machine  represented  in  Fig.  37.  The  boiler  rests 
on  four  strong  glass  pillars,  and  is  furnished  with  a safety-valve,  a manometer 
and  a steam  dome,  from  which  the  steam  passes  to  the  escape  pipes.  In 
Its  passage  the  steam  has  to  go  through  a kind  of  iron  box,  in  which  it  is 
partly  condensed,  because  it  is  of  importance  that  the  steam  should  carry  as 
much  moisture  as  possible.  The  escape  jiipes  are  made  of  different  forms  by 
different  makers;  the  chief  object,  however,  in  all,  whatever  their  shape,  is  to 
increase  the  friction  of  the  water  globules.  To  increase  friction,  Faraday  placed 


37- — Steam  Electric  Machine. 


Electric  Machines. 


55 


a cone  with  the  point  against  the  issuing  steam.  Armstrong  placed  a disc  in 
front  of  the  steam.  The  issuing  steam  strikes  against  a series  of  metal  points 
in  connection  with  the  conductor.  The  positive  electricity  then  collects  on  the 
conductor,  whilst  the  negative  electricity  distributes  over  the  boiler. 

The  Electrophorus. — As  early  as  the  year  1762  Wilke  had  made  careful 
experiments  with  electrified  glass  plates,  but  Volta  was  the  first  to  devise  the 

electrophorus  {17  75)-  . . , . • 

One  form  of  electrophorus  is  represented  in  Fig.  38  : a is  a cake  of  resin,  b 
and  c metal  discs  connected  by  means  of  silk  threads,  t an  insulating  handle. 
Fig.  39  is  intended  to  show  what  happens  when  a simple  electrophorus  is  charged ; 
here  m is  a metal  form  on  which  the  cake  rests,  h a cake  of  resin,  D a metal 
disc  which  is  sometimes  called  the  carrier,  and  G an  insulating  glass  handle. 


Fig.  38. — Electrophorus. 


Fig.  39. — The  Theory  of  the  Electrophorus. 


By  rubbing  the  cake  it  is  negatively  electrified.  If  now  the  disc  is  placed 
upon  the  electrified  cake,  the  negative  electricity  of  the  cake  influences  the  disc, 
a little  + electricity  is  attracted  by  the  - electricity  of  the  cake  to  the  lower 
surface  of  the  disc,  and  — electricity  is  repelled  to  the  upper  surface  of  the  disc, 
[f  the  upper  disc  is  now  touched  with  the  finger,  there  is  much  greater  induction 
and  the  — electricity  is  conducted  to  the  earth,  the  + electricity  being  held 
fast  by  the  - electricity  of  the  cake.  If  the  disc  be  now  lifted,  it  retains  its 
charge  of  + electricity,  which  may  be  used  as  required.  The  discharged  disc 
can  be  again  charged  by  placing  it,  as  before,  on  the  resin  cake  a,  then  touching 
it  with  the  finger.  It  may  be  again  lifted  and  discharged  many  times  without 
removing  the  charge  of  the  cake.  The  negatively  electrified  resin  cake  not 
only  influences  the  disc,  but  also  the  lower  side  of  the  cake  itself,  and  the  tray 
in  which  the  cake  is  cast. 

Reiss  and  Bezold  devoted  much  time  to  the  observation  of  these  phenomena. 
The  result  of  their  researches  is  given  in  two  theories,  which  do  not  exactly 
agree.  Bezold  attributes  the  negative  electrical  condition  of  the  tray  when 
insulated  to  the  direct  action  of  the  — electricity  in  the  upper  surface  of  the 
resin-cake.  Reiss  assumes  the  — electricity  in  the  tray  to  be  induced,  being  first 
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generated  in  the  resin  cake,  and  then  by  induction  imparted  to  the  tray.  Which- 
ever explanation  we  adopt,  it  will  be  easy  to  account  for  what  really  takes  place. 

If  at  any  place  on  the  surface  of  the  resin-cake  we  place  a strip  of  tinfoil 
about  one  centimetre  wide,  connected  with  the  metal  tray  in  which  the  cake 
rests,  we  shall  find  that  when  the  disc  or  carrier  is  placed  on  the  resin  and  is 
then  taken  off,  without  having  been  touched  with  the  finger,  it  is  positively 


electrified.  The  tinfoil  connects  the  upper  surface  of  the  resin  with  the  earth, 
but  only  conducts  negative  electricity  from  the  spot  at  which  it  touches  the  resin. 
Other  portions  of  the  surface  are  hardly  influenced  at  all,  for  resin  is  a very  bad 
conductor.  The  tray,  being  already  in  connection  with  the  earth,  has  lost  its 
induced  negative  electricity,  and  its  positive  electricity  is  held  fast  or  bound  by 
that  of  the  resin  cake.  When  the  carrier  is  placed  on  the  resin,  positive  and 
negative  electricity  are  induced.  This  positive  induced  electricity  is  bound  by 
the  negative  electricity  of  the  resin.  The  negative  induced  electricity  flows  to 
earth  by  means  of  the  tinfoil.  If  now  the  disc  be  removed,  the  positive  induced 
electricity  spreads  all  over  the  surface,  and  the  disc  appears  positively  electrified. 
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The  piece  of  tinfoil  saves  the  repeated  touching  of  the  disc ; which  then  appears 
to  act  as  a carrier  of  electricity  from  the  resin  to  any  required  spot.  It  is  this 
property  of  the  instrument  to  which  its  name  is  due ; that  is,  electrophorus, 
or  carrier  of  electricity. 

Induction  Machines,  or  Continuous  Electrophori.— In  producing 
electricity  by  friction,  glass  rods,  etc.,  were  replaced  by  machines  which  would 
perform  the  operation  more  continuously  ; and  in  a similar  manner  the  principle 
of  the  electrophorus  has  been  extended  in  the  construction  of  what  are  called 
continuous  electrophori,  or  electrostatic  induction  machines.  Instruments 
applying  the  same  principle  have  been  constructed  by  Varley,  Thomson,  Carre', 
Holtz,  Voss,  Wimshurst,  and  others.  The  form  shown  in  Fig.  40  is  that  devised 
by  Holtz,  of  Berlin.  The  wooden  frame  a b supports  the  well-varnished  glass 
plate  E F by  grooved  pulleys  d d d supported  on  glass  pillars.  This  fixed  plate 
E F has  three  openings ; the  one  in  the  middle  allows  the  axis  of  the  rotating 
second  plate  c d to  pass,  the  second 
opening  is  at  n,  and  the  third  at  n. 

These  latter  form  sector-shaped  win- 
dows in  the  plate.  Just  above  the 
opening  n and  under  n are  glued 
on  the  farther  side  of  the  plate  e f 
paper  inductors  m m',  from  the  edges 
of  which  tongues  of  card  project  and 
pass  through  the  windows  n n’,  so  as 
to  touch  the  revolving  plate  c d.  The 
plates,  inductors,  and  tongues  are 
carefully  varnished  with  shellac  var- 
nish. The  plate  c d can  be  rapidly  rotated.  Opposite  to  m and  m'  two  series  of 
fine  metal  points  are  so  arranged  that  c d moves  between  them  and  the  plate 
E F.  The  metal  points  are  held  by  brass  bars  p g 0 ?<.nd  q g'  o\  which  terminate 
m the  balls  <7  and  o',  through  which  metal  rods  run,  having  the  insulated 
handles  h K,  and  the  small  spherical  terminals  i i',  termed  the  poles  of  the 
machine. 

What  takes  place  when  the  machine  is  in  action  is  of  a very  complicated  nature, 
and  can  hardly  be  said  to  be  perfectly  understood.  Fig.  41  is  a diagram  to  aid 
us  in  our  explanation,  the  parts  having  the  same  letters  as  before.  The  two  balls 
I and  t touch  each  other.  To  the  inductor  m on  the  stationary  glass  plate  e f 
IS  communicated  from  some  external  source  a charge  of  — electricity,  which  is 
usually  effected  by  approaching  a loose  piece  of  ebonite  excited  by  friction- 
This  affects  the  movable  plate  c b and  the  metal  points  p.  Positive  electricity 
IS  drawn  from  the  conductor  / on  to  the  plate  c D,  and  the  side  facing  the  metal 
points  becomes  positively  electrified ; but  the  negative  electricity  on  - m in- 
Huences  the  whole  system/,  g,  i,  i',  g',  q.  While  the  positive  induced  electricity 
IS  drawn  towards  the  points/,  the  negative  is  driven  through  g g>  into  the  points 
a g.  Positive  induced  electricity  will  flow  over  at  the  points  /,  and  spread  over 
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C D opposite  these  points;  and  the  first  result  is.  that  c d becomes  positively 
e ec  rified  on  the  side  farthest  from  m.  If  now  the  glass  plate  is  moved  in  I 
c ockwise  direction  round  its  horizontal  axis,  the  positively  charged  side  of  the 
plate  c D conies  between  q and  the  inductor  + m\  But  before  doing  this  it 
has  to  pass  the  tongue  on  the  other  side  of  the  plate,  and  whilst  passing  the 
tongue  the  conductor  m'  and  tongue  n were  under  its  inductive  influence  and 
negative  electricity  was  discharged  from  the  tongue  against  the  far  side  of  the 
plate  positive  electricity  remaining  on  m'.  To  the  metal  points  or  comb  g as 
has  been  mentioned,  negatively  induced  electricity  is  forced.  The  particular 
negative  electricity  which  corresponds  to  the  positive  electricity  which  is  now 
coming  opposite  to  q has  passed  on,  and  by  a similar  inductive  action  when 
oppostte  the  tongue  n to  that  just  described,  has  increased  the  negative  charge 
of  the  conductor  m.  Consequently  when  the  positive  charge  first  induced  upon 
the  near  side  of  the  glass  reaches  the  points  q it  finds  there  a greater  negative 
charge  induced  by  the  now  more  highly  charged  conductor  m streaming  from 
the  points.  Moreover  the  positive  charge  now  acquired  by  the  conductor  m, 
which  has  been  still  further  increased  by  following  portions  of  the  charged  plate 
coming  opposite  n',  adds  its  influence,  and  still  more  negative  electricity  is  drawn 
from  Ae  points  q against  the  near  side  of  the  glass.  The  result  then  is  that  the 
negative  electricity  streaming  from  the  points  q more  than  neutralises  the  positive 
electricity  on  the  near  side  of  the  glass  and  consequently  that  side  passes  on  with 
a negative  charge.  The  other  side  has  already  acquired  a negative  charge  when 
passing  n , so  that  the  total  result  is  that  the  plate  after  passing  between  q and  m 
has  both  sides  negatively  charged.  Similar  inductive  actions  now  take  place  at 
p and  ni,  and  after  the  first  half  revolutions  both  sides  of  the  plate  are  positively 
charged  as  they  leave  p and  m. 

It  is  evident  that  every  spot  on  the  glass  plate  undergoes  the  same  process 
if  the  machine  be  w^orked.  The  portions  of  the  plate  c d,  which  at  the  beginning 
of  the  operation  came  between  m and  p,  receive  here  positive  electricity,  which 
is  retained  until  they  reach  7n  and  q.  Exactly  the  same  thing  happens  with 
every  portion  of  the  plate  which  moves  in  the  direction  — / to  + »/'  q. 

Hence  the  upper  portion  of  the  glass  plate  will  be  continually  charged  with  + 
electricity.  As  the  plate  moves  on  the  parts  travel  from  — m ^ to  + ni  q,  where 
they  become  negatively  charged,  consequently  the  lower  half  of  the  plate  must 
have  a continual  negative  charge.  What  happens  now,  when  the  plate  negative 
on  both  sides  comes  between  tn  and  p ? The  — electricity  on  the  side  facing 
E F goes  over  to  the  inductor  w,  and  thus  increases  the  — charge  of  m.  The  — 
electricity  facing  comb  /,  after  having  acted  inductively  in  passing  n,  is  more  than 
neutralised  by  the  + electricity  flowing  from  p,  and  the  plate  itself  is  positively 
electrified.  The  strengthened  charge  in  m affects  c d and  comb  q.  The  same 
phenomenon  is  now  repeated  as  at  the  beginning,  except  that  the  effect  will  be 
greatly  increased.  The  plate  c d between  m and  p again  becomes  positively 
charged,  but  more  strongly  than  at  the  first  revolution,  and  the  positively  charged 
portions  again  reach  + and  q.  Each  turn  then  augments  the  charge  in  a 
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continually  increasing  ratio.  If  the  two  balls  ii'  be  now  moved  from  each  other, 
a splendid  brush  may  be  observed.  If  a Leyden  jar  is  placed  between  i i\ 
•sparks  will  pass  at  intervals  with  loud  reports. 

Small  Leyden  jars  or  condensers,  the  action  of  which  will  be  presently 
explained,  are  usually  employed  in  connection  with  these  machines  to  strengthen 
the  spark,  and  are  often  mounted  permanently  as  part  of  the  apparatus,  large 
tubes  fitted  up  as  jars  taking  the  place  of  glass  pillars  employed  for  insulation. 

Quite  recently  A.  Toepler  has  constructed  induction  machines,  which  greatly 
surpass  Holtz’s  machines  in  effi- 
ciency. He  himself  describes 
them  in  the  following  words : 

“Little  glass  discs  are  fixed  at 
intervals  on  a horizontal  axis. 

Alternate  intervals  are  taken  up 
by  stationary  glass  discs,  with  in- 
ductors; these,  however,  are  so 
arranged  that  there  are  only  half 
as  many  inductor  plates  as  there 
are  rotating  plates.  In  the  re- 
maining intervals  combs  having 
a series  of  points  are  introduced. 

If  we  imagine  the  inductors  to 
be  charged  on  the  right  side 
positively,  on  the  left  negatively, 
each  inductor  influences  two 
discs  ; in  the  same  manner  each 
comb  influences  two  plates.  If 
now  the  different  series  of  points 
be  connected  by  means  of  a 
wire,  a current  of  considerable 
strength  will  be  induced.  I Fig.  42.— Carte’s  Machine, 

caused  an  instrument  to  be  con- 
structed which  had  twenty  circular  discs,  each  having  a radius  of  13  centimetres. 
The  whole  apparatus  took  up  only  a space  of  o'o5  cubic  metre.”  Toepler  con- 
nected three  such  machines  together,  and  obtained  a current  which  maintained 
a platinum  wire  o’2  millimetre  thick  continually  at  a red  heat.  This  apparatus 
was  also  capable  of  decomposing  water.  Toepler  says:  “Twenty  years  ago 
about  one  hundred  electrical  machines  would  have  been  required  to  produce 
these  galvanic  effects.” 

In  France,  the  machine  shown  in  Fig.  42,  constructed  by  Carrd,  is  mostly 
used.  It  combines  the  fricuonal  action  of  the  older  machines,  with  the 
inductive  principle  of  the  Holtz  pattern.  In  this  machine  both  plates,  the 
inducing  and  the  induced,  are  set  in  rotation.  The  former  a is  of  glass,  and 
is  kept  charged  with  electricity  by  means  of  the  two  rubbers  F f^,  and 
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rotates  much  more  slowly  than  the  latter  (b)  of  ebonite,  which  rotates  in  the 
opposite  direction,  the  two  overlapping  each  other  and  being  nearly,  but  not 
quite,  in  contact.  The  handle  m and  the  cord  passing  round  the  pulleys  are 
the  means  by  which  the  motive  power  is  transmitted  to  the  plates.  The  axes 
of  both  plates  are  fixed  into  the  insulating  pillars  a and  upon  which  the 
prime  conductor  c rests.  One  of  the  collecting  combs  is  connected  with  the 
conductor  c ; and  the  other  is  provided  with  a movable  arm  e d,  which  can 
be  brought  into  contact  with  the  conductor,  or  removed  from  it.  The  induc- 
tive action  of  this  apparatus  is  very  similar  to  that  of  Holtz’s  machine,  with 
the  exception  that  there  are  no  armatures  whose  charges  are  increased  by 


43.— Voss  Inclnction  Macliine. 


induction,  their  place  being  taken  by  the  disc  a,  which  is  kept  charged  by  the 
friction  of  the  rubbers  f f^. 

The  Voss  Induction  Machine. — In  this  machine  there  is  a fixed 
plate  of  thin  glass  e,  say  12^  inches  in  diameter,  with  a central  opening. 
This  plate  has  fixed  upon  its  farther  side  two  pairs  of  tinfoil  discs,  each  pair 
being  connected  by  a strip  of  foil.  These  discs  f f are  covered  by  paper 
shields  G G,  which  are  slightly  conductive.  The  moving  plate  h is  of 
jo4  in.  diameter,  and  at  six  equi-distant  points  of  a circle  of  7^^  in.  diameter 
are  fixed  inch  discs  of  tinfoil,  upon  the  middle  of  each  of  which  there 
is  cemented  a metal  button,  rising  ^ in.  from  the  surface.  These  discs 
i i correspond  to  those  of  the  fixed  plate.  The  collecting  system  consists 
of  an  ebonite  rod  l,  which  is  held  horizontal  by  means  of  the  axis,  and  two 
steel  pins  on  the  face  of  the  nut.  At  each  end  is  a brass  T-piece,  carrying 
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a collecting  comb,  and  on  the  other  arm  a ball  which  carries  the  discharging 

rod  M,  and  is  supported  by  a small  Leyden  jar  n. 

A second  pair  of  combs  is  attached  to  a brass  frame  p,  also  placed  on  the 
axis,  and  secured  there  by  a knob  of  ebonite  screwed  upon  the  end.  These  are 
shown  vertical,  but  for  most  effective  action  should  be  sloped  backwards  30°  in 
a counter-clockwise  direction.  The  combs  have  fine  wire  brushes  in  their 
middles,  which  touch  the  buttons  and  short  circuit  a pair  of  discs  just  as  they 
leave  the  paper  shields,  k k are  bent  arms  of  metal,  attached  by  clamps  to  the 
fixed  plate,  and  connected  by  strips  of  foil  to  the  nearest  foil  disc.  These  arms 
carry  fine  metal  brushes,  which  are  adjusted  to  touch  the  buttons  on  the  moving 
plate  and  close  a circuit  when  they  face  the  foils  on  the  fixed  plate. 

This  machine  is  exceedingly  powerful  in  favourable  weather,  but  has  an 
important  defect,  in  a tendency  to  self-reversal.,  which  is  apt  to  occur  at  a 
stoppage.  This  defect  is  not  found  in  the  next  machine  described,  but  can  be 
produced  in  a Voss  machine  when  desired  by  holding  a metal  point  to  the 
+ brush  K.  The  two  derived  inductive  circuits  are  beautifully  manifested  when 
this  machine  is  worked  in  the  dark.  A luminous  stream  is  seen  pouring  towards 
the  positive  collecting  comb  on  whichever  side  of  the  machine  it  is. 

Wimshurst’s  Influence  Machine. — This  machine,  invented  by  Mr. 
James  Wimshurst,  one  of  the  consulting  engineers  to  the  Board  of  Trade,  is  the 
latest  in  date  (about  1883),  and  the  most  powerful  of  the  induction  machines  yet 
constructed.  The  simplest  form  consists  of  two  circular  discs  of  thin  glass, 
which  are  attached  to  loose  bosses  revolving  on  a fixed  horizontal  spindle,  so  as 
to  be  rotated  in  opposite  directions  at  a distance  apart  of  not  more  than  about 
one-eighth  of  an  inch.  Each  disc  is  driven  by  a cord  or  belt  from  a large  pulley, 
of  which  there  are  two  attached  to  a spindle  below  the  machine,  and  which 
is  rotated  by  a winch  handle,  the  difference  in  the  direction  of  rotation  being 
obtained  by  the  crossing  of  one  of  the  belts.  Both  discs  are  well  varnished, 
and  attached  by  cement  to  the  outer  surface  of  each  are  twelve  or  more  radial 
sector-shaped  plates  of  thin  brass  or  tinfoil,  disposed  around  the  discs  at  equal 
angular  distances  apart.  These  sectors  take  the  place  of  the  “ inductors  ” of 
Holtz’s  instrument,  and  also  act  as  carriers,  though  the  exact  nature  of  the 
action  is  disputed.  It  appears,  however,  certain  that  those  acting  for  the  time 
as  carriers  on  the  one  disc,  act  at  the  same  time  as  inductors  with  respect 
to  the  other.  The  two  sectors  situated  on  the  same  diameter  of  each  disc 
are  twice  in  each  revolution  momentarily  placed  in  metallic  connection  with 
one  another  by  means  of  a pair  of  fine  wire  brushes  attached  to  the  ends  of 
a curved  rod,  supported  at  the  middle  of  its  length  by  one  of  the  projecting 
ends  of  the  fixed  spindle  upon  which  the  discs  rotate ; the  metal  sector-shaped 
plates  just  grazing  the  tips  of  the  brushes  as  they  pass  them.  The  position  of 
the  two  pairs  of  brushes  with  respect  to  the  fixed  collecting  combs,  and  to  one 
another,  is  variable,  and  there  is,  as  in  the  case  of  the  collecting  commutator- 
brushes  of  dynamo-electric  machines,  a position  of  maximum  efficiency.  This 
position  appears  to  be  generally  when  the  brushes  touch  the  disc  on  diameters 
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situated  about  45°  from  the  collecting  combs,  and  the  curved  rods  on  the  two 
sides  are  at  right  angles  to  one  another,  as  shown  in  the  engraving. 

The  fixed  conductors  consist  of  two  forks  furnished  with  collecting  points 


Fig.  44. — Wimshurst’s  Machine. 


directed  towards  one  another  and  towards  the  two  discs,  which  rotate  between 
them ; the  position  of  the  two  forks,  which  are  supported  on  insulating  supports 
of  some  kind,  often  (for  reasons  already  indicated)  consisting  of  small  Leyden 
jars  or  condensers,  being  along  the  horizontal  diameter  of  the  disc.  To  these 
collecting  combs  are  attached  terminal  knobs,  whose  distance  apart  can  be 
varied  by  projecting  ebonite  handles,  or  otherwise.  The  presence  of  these  col- 
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, ,~r.Tr.h<5  nnnears  to  play  no  part  in  the  action  of  the  apparatus,  except  to 

rv?yrlcrrrgLo.ha?may  be  termed  the  externa,  circuit^  for 
inductive  action  of  the  machine  is  quite  as  rapid  and  as  powerful  when  both 
collectors  are  removed,  and  nothing  is  left  but  the  two  rotating  discs,  and  their 
contact  or  neutralising  brushes.  The  whole  apparatus  then  bristles 
with  electricity,  and  if  viewed  in  the  dark  presents  a most  beautiful  appearan  e, 

being  literally  bathed  with  luminous  brush  discharges.  1 • u • 

With  a machine  composed  of  two  glass  plates  only  14 J mches  in  dia- 


Fig*  45. — Twelve-plate  Wimshurst  Machine. 


meter  there  is  produced,  under  ordinary  atmospheric  conditions,  a powerful 
spark  discharge  between  the  knobs  when  they  are  separated  by  a distance 
of  4^  inches,  a pint-size  Leyden  jar  being  in  connection  with  each  knob ; and 
these  4^-inch  discharges  take  place  in  regular  succession  at  every  two  and  a 
half  turns  of  the  handle.  It  is  usual  to  construct  the  machine  as  shown  in 
the  illustration,  with  small  Leyden  jars  or  condensers  attached  to  the  con- 
ductors, by  which  the  spark  is  materially  increased.  A machine  has  been 
constructed  for  the  Science  and  Art  Department,  South  Kensington,  with  plates 
7 feet  in  diameter,  which  it  is  believed  would  give  sparks  30  inches  long ; but  no 
Leyden  jars  have  been  found  to  stand  its  charge,  all  being  pierced  by  the 
enormous  tension. 

Still  more  recently  machines  have  been  constructed  by  Mr.  Wimshurst  with 
many  pairs  of  plates.  One  of  these,  having  six  pairs,  or  twelve  plates  in  all,  is 
shown  in  Fig.  45.  By  a series  of  bands  alternately  straight  and  crossed  the 
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opposing  plates  of  each  pair  are  driven  in  opposite  directions,  but  the  back 
plate  of  the  front  pair  and  the  front  plate  of  the  second  pair  are  on  the  same 
hub,  and  revolve  together,  and  so  on  throughout ; thus  seven  bands  drive  the 
twelve  plates.  The  diagonal  conductors  of  the  smaller  machines  are  replaced  by 
seven  pairs  of  conductors  fixed  to  the  frame,  and  making  contact  at  the  proper 
angular  positions.  Electrically  they  act  as  seven  diagonal  conductors  alternately 
sloping  in  opposite  directions,  and  the  ones  between  the  plates  act  for  the  plates 
on  both  sides  of  them.  The  collecting  combs  are  placed  as  previously  described, 
and  are  connected  to  the  two  discharging  terminals  on  the  top  of  the  glass  case 

in  which  the  plates  are  enclosed.  If  Leyden  jars  are 
used  they  are  attached  to  these  terminals. 

With  this  machine  splendid  discharges  are  obtained. 
The  potential  difference  reached  is  not  greater  than 
that  of  a two-plate  machine  with  plates  of  the  same 
diameter  and  pattern,  but  the  quantity  of  electricity 
discharged  in  each  spark  is  orobably  proportional 
to  the  number  of  plates.  Thus  the  brilliancy  of  the 
discharge  is  increased.  Later  on  (Fig.  65)  we  give  a 
photograph  of  its  sparks. 

Sir  Archibald  Campbell  has  had  a large  eighty- 
plate  machine  built  on  the  same  plan,  and  driven  by 
mechanical  power.  When  at  work  it  is  a veritable 

miniature  thunder  factory. 

These  machines  are  self- 
exciting, and  it  is  believed  that 
the  initial  action  must  be  due 
to  friction  in  the  layer  of  air 
contained  between  the  two 
plates.  It  is  also,  when  pro- 
perly constructed,  nearly  independent  of  atmospheric  conditions,  and  not 
liable  to  reverse  its  polarity,  as  are  the  Voss  machines.  These  advantages, 
added  to  its  extreme  simplicity  of  construction,  have  rapidly  given  the 
machine  preference  for  all  purposes  where  statical  electricity  of  high  voltage 
is  required.  The  property  of  self-excitation  is  found  to  depend  somewhat 
on  the  number  of  sectors.  With  a high  number  the  machine  excites  itself 
very  freely,  but  the  sparks  are  more  feeble ; with  fewer  sectors  it  is  less 
easy  to  excite,  but  the  sparks  are  much  more  powerful  when  obtained. 

It  will  have  been  gathered  from  the  foregoing  that  (as  might  have  been 
expected)  when  using  induction  machines  the  moisture  of  the  air  often  causes 
experiments  to  fail,  especially  before  large  audiences.  Tiie  atmosphere  becomes 
saturated  with  moisture,  and  it  is  often  impossible  to  get  the  machine  into 
working  order.  Toepler  tries  to  prevent  this  by  placing  the  whole  machine 
on  a kind  of  stove.  Dr.  S.  T.  Stein  covers  the  whole  machine  with  a glass 
case,  in  which  he  places  desiccating  substances,  and  employs  a small  force- 


Fig.  46.  — Riess’s  Condenser. 
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pump  to  force  the  moist  air  of  the  case  over  tubes  containing  desiccators,  and 
the  dried  air  back  again  into  the  case.  The  Wimshurst  machine  and  that  of 
Carre'  (in  the  latter  case  owing  to  its  direct  action)  are  the  least  subject  to 
these  defects  of  any  that  we  are  acquainted  with. 


APPARATUS  FOR  THE  ACCUMULATION  OF  ELECTRICITY. 

General  Explanation  of  Condensers. — ‘Frictional  and  inductive 
machines  generate  a fair  amount  of  electricity,  and  both  possess  apparatus  to 
collect  the  generated  electricity,  viz.,  the  prime  conductors.  Accumulation,  how. 
, ever,  is  possible  up  to  a certain  point  only,  and  ceases  when  the  potential  of  the 
conductor  becomes  so  great  that  the  insulation  breaks  down.  To  retard  the 
rise  of  potential,  condensers.,  as  they  are  called,  are  connected  with  the  prime 
conductor.  A condenser  consists  of  two  conducting  surfaces  opposed  to  one  another 
and  separated  by  a dielectric  (or  insulator).  When  one  of  these  ie  connected 
to  the  earth  or  the  rubber,  and  the  other  to  the  prime  conductor,  the  whole 
of  the  inductive  action  of  the  charges  communicated  to  the  latter  plate  by  the 
.prime  conductor  takes  place  across  this  dielectric.  Leyden,  jars  and  Franklin’s 
panes  are  condensers,  and  a special  form  for  experimental  work  is  shown  in 
Fig.  46,  where  j and  t are  insulating  columns,  and  a and  b conductors,  the 
dielectric  between  them  being  air.  If  b be  connected  to  earth  a much  larger 
quantity  of  electricity  is  required  to  raise  the  potential  of  a than  if  b were  not 
present.  The  amount  actually  required  to  raise  the  potential  of  one  of  the  plates 
to  a definite  amount  above  the  other  is  called  the  capacity  of  the  condenser. 
The  capacity  is  increased  by  increasing  the  size  of  the  plates,  by  bringing  them 
closer  together,  by  substituting  liquid  or . solid  dielectrics  (or  insulators)  for  the 
air.  The  coefficient  by  which  the  capacity  of  an  air  condenser  must  betmultiplied 
in  order  to  give  the  capacity  of  the  same  condenser  when^  another  dielectric  is 
substituted  for  air  is  called  the  specifichnductive  capacity  of  The  dielectric. 

The  following  table,  according  to  Boltzmann,  shows  by  what  coefficient  the 
charge  in  the  plates  increases  when,  instead  of  air,  the.  following  insulators  are 
used  as  the  dielectric  : 


Sulphur 
( Resin 

Paraffin 
Ebonite 


3 '84 

2-55 

2- 32 

3- I5- 


It  is  evident,  therefore,  that  the  dielectric  itself  is  affected  by  the  charge. 
We  may  explain  its  condition  by  the  following  assumptions It  is  assumed  that 
the  molecules  of  the  insulator  have  + electricity  at  one  end,  and  - at  the 
other.  All  molecules  in  the  insulator  will  point  with  their  positively  electrified 
ends  towards  the  negatively  electrified  plate,  and  with  their  negative  ends  towards 
the  positively  electrified  plate.  This  condition  is  called  dielectric  polarisation. 
It  leads  to  the  existence  of  strains  or  stresses  in  the  dielectric,  ‘ and  is  embodied 
^ t e follow  ing  hypothesis  : The  electric  force  acts  across  space  in  consequence 
Oj  the  transnmston  of  stresses  and  strains  in  the  medikm  with  which  space  is  filled.. 
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This  accounts  for  the  occasional  disruption  of  the  glass  of  a Leyden  jar,  and  the 
fact  that  after  discharge  the  glass  does  not  recover  itself  all  at  once,  and  after  a 
short  time  is  able  to  give  up  a residual  charge. 

Volta’s  Condensing  Electroscope.— The  condenser  used  by  Volta 
was  attached  to  an  electroscope,  as  shown  in  Fig.  47,  This  was  the  instrument 
e used  to  detect  the  electricity  from  such  a feeble  source  as  that  supplied  by 
two  metals  in  contact.  The  lower  plate  was  connected  with  the  source,  the 
upper  plate  being  at  the  same  time  joined  to  “ earth,”  or  touched  with  the  hand. 

By  this  means  the  two  plates  accumulated  opposite  charges, 
which  remained  “ bound  ” by  one  another.  When  the  upper 
plate  was  lifted  off,  the  charge  in  the  lower  was  free  to 
distribute  itself  and  spread  to  the  gold  leaves. 

Volta’s  condenser  was  not  available  for  actual  measure- 
ments, but  the  following  is  a form  that  may  be  used  for  this 
purpose : 

Kohlrausch’s  Condenser. — Kohlrausch  used  a con- 
denser admitting  of  very  exact  adjustment,  of  which  the 
following  is  a description : Two  brass  plates  t t (Fig.  48), 
of  about  six  inches  diameter,  are  fixed  to  horizontal  rods, 
which  are  attached  by  means  of  shellac  to  the  two  wooden 
supports  b and  c.  Those  sides  of  the  plates  which  face  one 
another  are  covered  with  gold,  and  the  ends  of  the  rods  are 
provided  with  binding  screws  to  receive  the  conducting  wires. 
The  supports,  together  with  the  plates  upon  which  they  rest, 
stand  upon  the  large  sole  plate  a,  upon  which  the  whole 
apparatus  rests.  The  sole  plate  can  be  placed  horizontally 
by  means  of  levelling  screws.  The  support  b can  be  moved 
towards  c,  by  means  of  two  forks  attached  to  the  under  side. 
A silk  thread  passing  over  two  pulleys,  has  one  end  attached 
to  and  its  other  end  to  a weight,  thus  tending  to  move  b 
towards  c.  The  spring  d and  the  catch  e serve  to  liberate  b, 
or  to  arrest  its  motion. 

The  support  c is  not  movable  forward  towards  b,  but  is  provided  with 
adjusting  screws  to  bring  the  conducting  plate  attached  to  it  parallel  to  the 
conducting  plate  attached  to  b.  The  turning  of  c,  and  therefore  the  motion 
of  the  plate  underneath  it,  is  effected  by  means  of  the  screw  k,  and  the  spring 
i.  ds  inclination  can  be  changed  by  means  of  the  screw  at  and  the  spring 
at  A The  distance  between  the  conducting  plates  can  be  altered  by  simply 
turning  the  screw  «. 

The  apparatus  is  used  in  the  following  way : The  conducting  plates  are 
brought  near  one  another,  one  of  them  being  connected  by  means  of  the  con- 
ducting wire  with  the  source  of  electricity  under  examination,  and  the  other  with 
the  earth.  The  connections  being  removed,  the  plates  are  separated  to  a distance 
of  about  4 inches,  and  the  previously  earthed  plate  is  discharged.  This  distance 


Fig.  47.  — Volta’s 
Condensing  Elec- 
troscope. 
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of  4 inches  is  sufficiently  great  to  prevent  the  plates  from  influencing  each 
other.  The  electricity  on  the  other  plate  is  then  examined  in  the  way  already 
described. 

Franklin’s  pane  is  shown  in  Fig.  49 ; the  wooden  frame  h carries  a glass  plate 
4,’,  covered  on  both  sides  with  tinfoil  s s.  To  charge  this  pane,  the  coating  on  one 


Fig.  48. — Kohlrausch’s  Condenser. 


side  is  connected  with  the  source  of  electricity,  the  other  has  a wire  leading  to 
earth ; when  ^ / is  moved  into  the  position  shown  by  the  dotted  lines,  k 
touches  the  tinfoil,  and  connects  this  tinfoil  to  earth  by  means  of  the  wire 
which  supports  k.  In  the  behaviour  during  charge  and  discharge  there  is 
no  difference  between  this  instrument  and  the 
condensers  previously  described. 

The  Leyden  Jar. — A very  useful  form  of 
condenser  is  called,  from  the  city  in  which  it  was 
invented,  a Leyden  jar.  It  is  like  a Franklin’s 
pane  bent  into  the  form  of  a cylinder  or  jar.  A 
Leyden  jar  is  shown  in  Fig.  50.  The  glass 
cylinder  is  coated  with  tinfoil  inside  and  outside, 
and  the  metal  frame  is  placed  inside.  Fig.  5 1 is 
an  old  medicine  bottle,  having  iron  filings  gummed 
to  the  inside,  instead  of  tinfoil. 

To  charge  a Leyden  jar,  the  hand  is  placed 
on  its  outer  coating,  and  the  knob  is  allowed 
to  touch  the  conductor  of  an  electrical  machine. 

The  electricity  reaches  the  inner  coating  by 
means  of  the  metal  rod,  and  induces  electricity 
on  the  outer  coating ; the  dissimilar  electricity  is  bound  whilst  the  similar  elec- 
tricity goes  through  the  hand  to  the  earth.  The  two  coatings  then  represent 
the  two  conductors  of  the  condensers  previously  described.  The  jar  is  said  to 
be  positively  charged  when  positive  electricity  is  led  to  the  inner  coating,  that  is, 
w en  the  knob  is  connected  with  the  positive  conductor  of  an  electrical  machine. 


Fig.  49. — Franklin’s  Pane. 
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Batteries  of  Jars. — To  obtain  very  powerful  charges,  we  might  use  very 
large  jars. or  plates;  this,  however,  would  be  inconvenient,  and  the  method 
adopted  is  to  connect  several  jars  in  a form  called  a battery.  The  charge  of 
such  a battery  .with  a given  potential  increases  proportionally  with  the  number 
of  jars  ; for  instance,  eight  jars  will  have  a charge  4 times  that  of  two  jars. 
Fig-  52  represents  such  an  arrangement  of  jars.  A table  resting  on  glass 
supports  has  brass  bands  on  its  upper  surface,  so  arranged  that  all  the 
outer  coatings  of  the  different  jars  are  touched  by  them.  The  knobs  of  the 
jars  have  metal  rods  terminating  in  balls.  The  knob  of  the  centre  jar  b is  bigger 


\ ■ 

than  the  remaining  ones,  and  to  it  the  metal  rods  are  fastened.  On  b is  an 
arm  terminating  in  a little  ball ; to  charge  the  apparatus  this  ball  is  placed  on 
the  conductor  a of  an  electrical  machine,  whilst  the  outer  coatings  are  connected 
■iYith  the  earth.  Withdl^e.  machine  worked  at  a constant  speed  the  time  required 
to  charge  this  apparatus  will  be  ,;v  x the  number  of  jars,  if  x stands  for  the  time  in 
wli'^ch  one  jar  is  charged.  The  whole  apparatus,  however,  might  be  charged  in 
X seconds ; to  do  this,  each  jar  is  separately  insulated ; a wire  from  the  outer 
coating  of  the  first  jar  leads  to  the  inner  coating  of  the  second,  a wire  from  the 
outer  coating  of  the  second  leads  to  the  inner  coating  of  the  third,  and  so 
on,  until  the  last  jar  is  reached,  the  outer  coating  of  which  is  in  connection 
with  the  earth,  and  the  inner  coating  of  the  first  jar  is  brought  into 
contact-  with  the  source  of  electricity.  A battery  arranged  in  this  manner 
is  termed  a cascade  battery,  and  a series  of  jars  so  connected  is  said  to  be 
charged  by  cascade.  The  thinner  the  glass  in  the  jar  the  more  electricity 
will  it  store ; but  care  must  be  taken  that  the  glass  be  not  too  thin,  else 


Electric  Condensers. 


69 


there  will  be  a disruptive  discharge,  and  a hole  will  be  pierced  through  the 
glass  ; in  this  condition,  of  course,  the  jar  would  be  useless.  If,  however,  the 
glass  should  be  pierced  the  jar  may  then  be  used  again,  provided  the  tinfoil 
round  the  hole  be  removed. 

Lane’s  Unit  Jar. — To  the  left  of  Fig.  52  there  is  shown  a little  apparatus 
known  as  Lane’s,  unit  jar.  It  serves  the  purpose  of  determining  the 
quantity  of  the. charge  of  the  battery* or  indirectly  the  difference  of  potential 


between  the  coatings.  The  distance  through  which  a spark  will  pass  when  a 
conductor  is  brought  near  an  electrified  body  depends  upon  their  difference 
of  potential ; it  follows  that  when  this  distance  remains  the  same,  the  number 
of  sparks  will  enable  us  to  determine  approximately  the  quantity  of  electricity. 
This  method  of  measurement  has,  however,  the  disadvantage  that  at  the  same 
time  the  battery  is  discharged,  unless  the  apparatus  be  arranged  as  shown. 
We  know  the  induced  electricity  to  be  proportional  to  the  inducing  electricity. 
If  therefore  we  make  use  of  the  induced  electricity,  which  is  as  a rule  conducted 
to  earth,  for  our  measuring  purposes,  we  are  able  to  determine  the  quantity 
and  potential  without  discharging  the  battery ; this  is  exactly  what  Lane’s 
unit  jar  is  supposed  to  do.  It  consists  of  a small  Leyden  jar  E,  which  rests 
on  a conducting  substance  \ close  to  it  is  the  glass  pillar  d,  fitted  with  a piece 
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of  brass  in  which  a horizontal  brass  rod  slides ; one  end  of  this  brass  rod 
terminates  in  a little  ball,  the  other  end  holds  a small  wire  f,  which  is  fastened 
to  the  conducting  substance  on  which  the  jar  rests.  The  wire  c connects 
the  inner  coating  of  the  little  jar  with  the  outer  coating  of  the  battery.  If  now 
positive  electricity  from  the  conductor  a of  an  electric  machine  is  allowed 
to  pass  through  to  b,  positive  and  negative  electricity  will  be  induced  on  the 
outer  coating.  The  negative  induced  ^ectricity  will  be  held  on  the  inner 
side  of  the  outer  coating,  the  positive  induced  electricity  will  flow  through 
the  wire  c to  the  inner  coating  of  the  measuring  jar  e.  Here  the  process, 
is  exactly  repeated ; positive  electricity  is  supplied  to  the  inner  coating,  where 
again  it  will  act  inductively ; the  positive  electricity  will  flow  to  earth,  but  the 
negative  will  spread  through  f over  the  horizontal  brass  rod  and  its  ball.  If  the 
distance  of  the  two  balls  in  e has  been  properly  adjusted,  the  jar  will  be  dis- 
charged when  the  difference  of  potential  of  its  coatings  has  the  required  value 
this  brings  the  two  balls  and  the  outer  coating  of  the  battery  to  the  same 
potential,  namely  that  of  the  earth,  though  there  is  no  connection  with  the 
earth  when  the  battery  has  this  measuring  jar.  If  the  distance  between  the 
two  balls  in  e be  kept  constant,  discharge  will  take  place  at  one  and  the 
same  difference  of  potential.  The  number  of  sparks  passing  will  therefore 
indicate  the  quantity  of  the  charge  of  the  battery;  dividing  the  number  of 
sparks  by  the  number  of  jars  contained  in  the  battery  gives  the  quantity  per 
jar.  The  unit  thus  obtained  represents  that  amount  of  electricity  which  is 
necessary  to  cause  one  spark  to  pass.  In  this  kind  of  measurement  certain 
precautions  are  necessary.  The  batterj'  must  not  be  charged  by  allowing 
sparks  to  pass  from  the  conductor.  Before  measurements  are  taken  with  the 
jar  E,  we  must  allow  it  to  be  charged  and  discharged  once,  on  account  of  the 
residual  charge  which  is  left  behind  in  Leyden  jars  after  they  are  discharged. 

Theory  of  the  Condenser. — This  will  be  a convenient  place  to  collect 
the  facts  already  explained  respecting  condensers.  It  has  been  mentioned  that 
the  capacity  of  a Leyden  jar  or  other  cpndenser  depends — 

1.  On  the  size  of  the  conducting  coatings  or  surfaces. 

2.  On  the  thickness  of  the  glass  or  dielectric. 

3.  On  the  “ specific  inductive  capacity  ” of  the  dielectric. 

Now  if  c be  the  capacity  of  any  conductor,  and  if  a quantity  of  electricity 
Q raise  its  potential  by  a difference  v,  then 

Q = cv. 

If  without  altering  Q we  diminish  c,  then  we  increase  v.  Now  this  is 
exactly  what  is  done  with  Volta’s  condenser  when  duly  charged  and  the  upper 
plate  be  lifted  off.  The  capacity  is  diminished,  and  the  quantity  Q having  a 
higher  potential  manifests  itself  by  the  divergence  of  the  leaves. 

A condenser  is  a conductor  in  which,  by  the  device  of  bringing  near  together 
two  conducting  surfaces  oppositely  charged,  the  capacity  of  the  conducting 
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surfaces  is  increased  without  change  of  the  quantity  of  electricity.  Let  us 
suppose  the  two  surfaces  to  be  concentric  spheres,  and  the  dielectric  air. 

Call  the  surfaces  m and  N.  Let  their  radii  be  a and  b respectively.  Sup- 
pose a charge,  of  which  Q is  the  measure,  to  be  imparted  to  m ; it  will  induce 
on  the  inner  side  of  N an  equal  negative  charge  - Q,  and  to  the  outer  side 
of  N a charge  + Q will  be  repelled.  This  repelled  charge  is  removed  by  contact 
with  “earth." 

Now  the  potential  of  the  outer  sphere  is  o,  because  it  is  connected  with 
the  earth,  which  we  assume  to  be  at  zero  potential.  Hence,  the  difference 
of  potential  between  the  centre  and  outer  surface  is, 


But  the  capacity  x difference  of  potential  = 
sides  by  Q we  see  that 

, • ® - 
the  capacity  x 


Q- 


b 


Therefore 


= i» 


and  the  capacity  = 


by  dividing  both 


We  see  from  this  formula  that  the  capacity  of  the  condenser  is  proportional  to 
the  size  of  the  metal  globes,  and  that  if  the  insulating  layer  is  very  thin,  a — b 

a b 

will  be  very  small,  and  the  value  of  the  expression  ^ will  become  very  great. 

This  proves  the  statement  that  the  capacity  of  a condenser  depends  upon  the 
thinness  of  the  layer  of  the  dielectric.  Next  consider  the  two  modes  of  charging 
a number  n of  equal  jars  referred  to  above.  If  v be  the  potential  of  the  machine 
and  c the  capacity  of  each  jar,  then  the  charge  given  to  n jars,  placed  as  in  Fig. 
52,  is  («c)  V : that  is,  n times  the  charge  that  can  be  given  to  one  jar.  In  this 
case  we  increase  the  capacity  n times  by  connecting  all  the  outer  coatings  and 
also  all  the  inner  coatings.  If  we  arrange  them  in  series,  each  outer  coating 
being  connected  with  the  next  inner  coating,  we  divide  the  whole  fall  of  poten- 
tial V into  n steps.  The  difference  of  potential  for  the  coatings  of  the  same  jar 

will  be  — . Hence  the  charge  of  this  jar  will  be-^c,  and  the  charge  of  n jars 
n n 

V c,  or  the  same  as  the  charge  of  one  jar.  There  is  therefore  no  advantage  in 
charging  jars  in  series  or  by  “cascade.” 

Determination  of  Specific  Inductive  Capacity. — Faraday  determined 
the  specific  inductive  capacities  of  a number  of  substances  thus:  He  had  two 
brass  spheres,  an  inner  and  outer,  so  fitted  that  they  were  not  in  electrical  con- 
nection, and  that  the  space  between  them  could  be  exhausted  of  air,  or  filled 

with  any  gas  or  substance  that  could  be  reduced  to  the  liquid  state.  He  had 

two  of  these  condensers,  a and  b,  exactly  alike  in  all  respects  but  one.  In  one 

condenser  a the  dielectric  was  air,  and  in  the  other  b the  space  between  the 
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two  globes  was  filled  with  the  substance  to  be  tested,  a was  charged,  and 
then  the  two  knobs  of  a and  b were  brought  into  contact  so  that  the  charge 
was  divided  between  them.  The  charges  were  then  measured,  and  the  ratio 
of  that  of  B to  that  of  a gave  the  inductive  capacity  of  the  dielectric  used  in  b. 

Hence,  if  c be  the  capacity  of  a condenser  with  air  for  dielectric,  and  k that 
of  the  same  condenser  with  dielectric  having  a specific  inductive  capacity  s, 
then 

K = JC. 

Another  important  difference  has  to  be  noticed  between  a condenser  with 
a gaseous  and  one  with  a solid  dielectric,  namely,  that  the  first  is  charged 
almost  instantly,  the  second  takes  time.  If  the  knob  of  a Leyden  jar,  or  one 
plate  of  any  condenser,  be  connected  with  an  electric  machine  or  generator, 
the  other  plate  being  in  connection  with  the  earth,  a charge  rushes  in  with  great 
rapidity ; but  the  entrance  of  the  electricity  does  not  instantly  cease,  as  is  the 
case  with  an  air  condenser.  Similarly,  when  the  two  plates  are  joined  by  a wire 
so  as  to  be  brought  to  one  potential,  the  electricity  is  discharged  very  rapidly 
at  first ; but  this  discharge  does  not  then  cease,  and  the  electricity  continues 
to  flow  out  for  precisely  as  long  a time  as  it  ran  in,  and  with  the  same  rapidity 
after  equal  intervals  of  time.  If  upon  maintaining  a difference  of  potential  p 
between  the  coatings  of  the  condenser,  a quantity  Q per  second  is  found  flowing 
into  the  condenser  at  the  expiration  of  a certain  time,  say  ten  minutes,  then  ten 
minutes  after  the  first  discharge,  the  same  quantity  Q per  second  will  be  found 
flowing  from  one  coating  or  plate  to  the  other.  The  dielectric  seems  to  absorb 
electricity  at  a certain  rate  when  subjected  to  a certain  difference  of  potential, 
and  to  yield  it  all  up  again  at  the  same  rate  when  the  two  plates  are  brought 
to  the  same  potential. 

ELECTRICAL  DISCHARGE  AND  ITS  EFFECTS. 

General  Phenomena  connected  with  Discharge. — If  we  connect 
an  electrified  body  by  means  of  a wire  with  the  earth,  it  loses  all  its  electricity — 
that  is,  the  electricity  of  the  body  flows  through  the  wire  to  the  earth,  and  is 
distributed  over  it,  the  earth  being  considerably  larger  than  any  other  body.  No 
matter  how  much  electricity  we  may  distribute  over  it,  we  cannot  alter  its  elec- 
trical condition.  We  assume,  therefore,  the  potential  of  the  earth  to  be  equal  to 
o.  When  a body  has  a potential  differing  from  that  of  the  earth,  and  is  con- 
nected with  the  earth  by  a wire,  electricity  flows  along  the  wire  from  the  higher 
potential  to  the  lower.  During  discharge  the  electricity  moves  in  the  conducting 
wire  ; this  motion  we  call  current.  The  electricity  flows  until  both  bodies  have 
the  same  potential.  The  discharge  of  a Leyden  jar  is  essentially  similar.  Here 
the  connection  is  again  between  two  conductors  at  different  potentials,  viz.,  the 
inner  and  the  outer  coatings  of  the  jar.  As  in  the  previous  case,  as  soon  as  the 
connection  is  made  electricity  flows  from  the  conductor  at  higher  potential  to 
the  conductor  at  lower  potential  and  the  jar  is  discharged.  During  discharge 


Electric  Discharge. 


73 


electricity  flows  through  the  connecting  wire  from  one  coating  to  the  other,  pro- 
ducing what  is  called  a current  in  the  wire.  But  a current  is  produced  even 
when  an  electrified  body  is  brought  near  an  unelectrified  one  before  connection. 
The  moment  we  bring  ari 
unelectrified  wire  near  the 
electrified  body  a current 
is  induced  in  the  wire  by 
the  redistribution  of  its  elec- 
tricity, and  before  the  wire 
has  reached  the  electrified 
body  we  see  a spark  pass. 

We  see,  then,  that  with  each 
kind  of  discharge  a spark 
passes.  When  the  potential 
difference  of  the  electricity 
on  the  coatings  has  become 
sufficiently  great  to  over- 
come the  resistance  of  the 
air,  discharge  takes  place 
spontaneously.  The  dis- 
tance which  the  spark  over- 
leaps is  called  the  sparking 
distance ; this  distance,  of  course,  depends  upon  the  difference  of  potential 
produced.  That  is  to  say,  the  strain  on  the  dielectric,  or  tendency  to 


53- — The  Discharging  Tongs. 


Tig.  54- — Henley’s  Discharger. 


produce  disruptive  discharge  through  the  air  between  two  surfaces,  depends 
upon  their  difference  of  potential. 

To  discharge  a Leyden  jar,  the  apparatus  shown  in  Fig.  53  is  usually 
employed.  The  outer  coating  of  the  jar  is  touched  by  one  of  the  balls,  the 
remaining  ball  approaches  the  knob  of  the  jar  until  a spark  passes  over.  If, 
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however,  we  wish  to  observe  the  effect  of  the  discharge  on  interposed  bodies, 
the  apparatus  represented  in  Fig.  54  will  be  found  more  convenient,  where  in- 
sulating handles  s s direct,  through  slides  and  universal  joints  h h,  supported  by 
insulating  pillars  a c,  the  discharging  knobs  k k.  The  substance  through  which 
the  discharge  is  to  be  passed  is  laid  on  the  little  table  adjusted  by  the  screw  s on 
an  insulating  pillar  b. 

Sparking  Distances. — To  determine  the  sparking  distance,  the  spark- 
micrometer,  by  Riess,  is  made  use  of.  It  is  represented  in  Fig.  55.  ’a  is  a 
heavy  metal  stand  on  which  a metal  plate  is  fastened  horizontally ; a glass  pillar 
is  fixed  to  one  end  of  the  plate,  the  other  end  has  a slide,  which  is  moved  along 

by  means  of  a screw ; this  slide  carries  another  pillar. 
To  determine  the  sparking  distance,  the  slide  with  the 
pillar  is  gradually  moved  towards  the  fixed  one  until  the 
spark  passes.  The  distance  of  the  two  balls  from  each 
other  is  indicated  by  a scale  along  which  the  slide  is 
moved  by  means  of  a fine  well -finished  screw.  Sir 
William  Thomson’s  experiments  on  the  relation  of  the 
sparking  distance  to  the  difference  of  potential  were  made 
by  means  of  two  parallel  plates  connected  with  the 
quadrants  of  an  electrometer.  His  experiments  and 
those  of  Rijke  agree  in  suggesting  the  conclusion  that  the 
sparking  distance  increases  at  a somewhat  greater  rate 
than  the  difference  of  potential  of  the  bodies.  Rijke,  who 
devoted  much  attention  to  the  subject,  found  the  law  of 
proportionality  laid  down  by  Reiss  not  to  be  quite  correct, 
and  that  the  sparking  distance  increases  more  rapidly  than 
the  difference  of  potential  between  the  sparking  bodies. 
Rijke  has  given  a formula  for  the  calculation  of  the  sparking  distance  from  the 
potential,  and  the  distances  obtained  thus,  according  to  the  formula,  agree  wit!‘: 
actual  observations  better  than  those  obtained  from  Reiss’s  law,  as  will  be  seen 
from  the  following  table  : ’ ■ 


sparking  Distances  in 

Potential  calcuiated  by 

Distributors.  . 

Observed. 

Reiss. 

Rtjkt, 

0-5 

473 

4-21 

4-88 

I’O 

9'33 

8-42 

8 82 

1-5 

13-00 

12-63 

12-73 

2'0 

16-83 

16-85 

1 6 -62 

2-5 

20-50 

21-05 

20-51 

30 

24-33 

25-27 

24-39 

3’S 

...  28-00 

29-48 

28-28 

4'o 

31-17 

33-69 

32  16 

For  nearly  all  distances  Rijke’s  calculations  seem  to  be  nearer  the  observed^ 
results ; but  Reiss’s  are  close  enough  for  long  distances.  For  the  discharge  ot 
batteries,  then,  we  may  make  use  of  Reiss’s  law  when  the  sparking  distance, 
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becomes  very  great,  in  which  case  it  is  proportional  lo  the  difterence  of 
Dotential.  From  this  law  it  follows  that  the  sparking  distance  must  be  inde- 
nendent  of  the  nature  of  the  circuit,  and  the  correctness  of  this  supposition 
has  been  proved  experimentally.  The  density  of  the  air,  however,  has  to  be 
taken  into  account ; the  sparking  distance  is  lessened  in  denser  air,  and  becomes 
greater  when  the  atmospheric  pressure  is  diminished.  Not  only  the  density, 
but  also  the  chemical  composition  of  the  medium,  influences  the  sparking 
distance,  Faraday  found  the  distances  considerably  less  in  chlorine  gas,  but 
twice  as  long  in  hydrogen  gas  as  in  air. 

Effects  accompanying  Discharge. — An  electric  spark  passes  when 
two  oppositely  electrified  bodies  are  brought  near  each  other,  and  also  when 
a non-electrified  conductor  is  brought  near  an  electrified  body.  Imagine 
two  oppositely  electrified  bodies ; for  instance,  brass  balls  suspended  by 
threads  from  points  near  together.  I'hey  will  attract  each  other,  and  a spark 
will  pass  between  them  as  soon  as  the  sparking  distance  has  been  reached , 
both  balls  will  then  fall  back  to  their  vertical  position,  and  by  doing  so  indicate 
that  the  two  conductors  have  been  discharged.  The  electrical  spark,  then,  might 
be  explained  as  due  to  a breaking  down  of  the  insulation  of  the  air.  The  violent 
shock  which  the  particles  of  air  receive  during  the  discharge  causes  the  effects 
of  sound,  light,  and  heat. 

We  have  already  stated  that  Leyden  jars  discharged  in  this  manner  do  not 
lose  all  their  electricity  after  the  first  discharge;  a second  spark  may  be  obtained, 
and  sometimes  even  a third,  after  the  first  discharge.  The  electricity  left  behind 
is  called  the  residual  charge.  Reiss,  Fedderson,  and  others  found  that  the  amount 
of  residual  charge  which  remains  behind  in  the  jar  depends  on  the  resistance  in 
the  circuit.  This  fact  leads  us  to  assume  that  the  first  discharge,  too,  must  be 
considered  as  a series  of  partial  discharges.  The  effect  the  resistance  in  the 
circuit  has  on  the  discharge  is  twofold  : first,  the  time  between  two  partial  dis- 
charges becomes  longer,  as  the  resistance  increases ; secondly,  the  greater  the 
resistance,  the  sooner  will  the  partial  discharges  cease. 

Let  us  consider  the  first  effect.  When  the  first  partial  discharge  has  taken 
place,  and  the  circuit  is  unelectrified,  a second  partial  discharge  can  take  place 
only  when  the  difference  of  potential  has  increased  sufficiently  to  break  down 
the  resistance  of  the  air  at  the  points  of  discharge  in  the  circuit.  It  is  evident 
that  to  obtain  the  required  difference  of  potential  more  time  will  be  required 
when  the  resistance  is  greater.  It  may  happen  that  even  after  the  first  partial 
discharge  so  much  of  the  energy  has  disappeared  that  the  required  potential 
cannot  be  produced  by  the  remainder.  At  every  discharge  through  air  the  par- 
ticles of  air  are  thrown  aside,  and  the  first  spark  must  have  left  a kind  of  passage 
filled  with  rarefied  air  ; in  this  manner  the  resistance  at  the  distance  of  discharge 
will  be  lessened.  If,  therefore,  the  resistance  be  less,  electricity  will  follow  up 
more  quickly  through  the  circuit  than  new  particles  of  air  will  flow  to  fill  the 
channel  of  rarefied  air,  and  a second  partial  discharge  will  take  place.  As  long 
as  there  is  a moderate  resistance,  partial  discharges  will  take  place  at  longer 
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intervals,  consequently  the  duration  of  the  series  of  discharges  constituting  the 
first  discharge  will  be  prolonged.  In  our  second  case,  let  a great  resistance  be 
introduced  into  the  circuit ; we  find  in  this  case  also  the  greater  the  resistance 
in  the  circuit  the  sooner  must  the  partial  discharges  cease.  The  partial 
discharges  may  be  lessened  to  such  an  extent  that  the  duration  of  the  series  of 
discharges  constituting  the  first  discharge  becomes  less.  The  duration  of  a 
discharge  depends,  then,  on  the  one  hand,  upon  the  time  electricity  requires  to 
flow  through  the  circuit;  on  the  other  hand,  upon  the  time  left  to  the  par- 
ticles of  air  to  rush  into  the  channel  of  rarefied  air  made  by  the  heat  of  the 
spark.  If  the  former  case  prevails,  the  duration  of  the  discharge  will  be  pro- 
longed; if  the  second  case  prevails,  the  duration  will  be  diminished.  To  prove 
this  experimentally,  both  Fedderson  and  Wheatstone  employed  the  same 
method.  If  a mirror  rotates  before  any  bright  spot,  a picture  of  that  spot  is 
reflected  at  each  moment  of  rotation,  and  the  image  of  the  spot  appears  on 
the  retina  of  the  eye.  Every  sensation  of  light  in  the  eye  lasts  a certain  time ; 
therefore,  when  the  mirror  rotates  with  such  a speed  that  the  time  of  a revolu- 
tion is  less  than  the  time  for  which  the  impression  on  the  retina  lasts,  one  image 
succeeds  another  before  the  first  has  disappeared;  we  are  then  unable  any 
longer  to  distinguish  the  separate  images,  and  what  we  perceive  seems  a con- 
tinuous line.  If  a mirror  is  allowed  to  rotate  before  the  passing  spark,  it  is 
evident  that  the  duration  of  the  time  of  light  corresponds  to  the  duration  of  the 
passing  spark.  The  duration  of  the  discharge  is  noted  by  taking  account  of  the 
length  of  the  reflected  line  and  the  velocity  of  the  mirror.  Now  when  the  image 
formed  by  the  rotating  mirror  is  examined,  it  shows  that,  instead  of  a single 
spark,  a discharge  consists  of  a series  of  sparks,  proving  experimentally  that  a 
discharge  consists  of  a series  of  partial  discharges. 

Fedderson  met  with  discharges  that  seemed  in  some  respects  to  contradict  the 
observations  here  explained.  He  found  that  by  lessening  the  resistance  on  the 
•circuit  up  to  a certain  limit,  the  duration  of  discharge  was  no  longer  decreasing, 
but  increasing.  Fedderson  calls  the  resistance  at  which  the  duration  of  the  dis- 
charge begins  again  to  increase  the  critical  resistance,  and  explains  the  nature 
of  this  “ oscillating  ” discharge  in  the  following  manner. 

When  the  resistance  in  the  circuit  is  less  than  the  critical  resistance,  the 
electricities  not  only  move  up  to  the  points  of  contact,  but  beyond  them, 
just  as  when  a pendulum  is  made  to  move  it  will  not  return  to  rest  until  it  has 
made  several  oscillations.  The  smaller  the  resistance  the  pendulum  has  to  en- 
counter the  longer  it  will  oscillate.  If  friction  and  resistance  could  be  reduced 
to  nothing,  the  pendulum  would  move  for  ever.  The  same  holds  good  in  the  case 
of  these  electrical  discharges.  The  less  the  resistance  in  the  circuit,  the  longer 
will  the  motion  last.  The  motion  would  be  perpetual  if  we  were  able  to 
construct  a circuit  with  no  resistance ; as  every  conductor  has  a certain  frictional 
resistance,  the  oscillations  must  come  to  an  end.  The  number  of  oscillations 
therefore  must  decrease  when  the  resistance  in  the  circuit  increases.  No  oscilla- 
tions take  place  when  the  resistance  increases  beyond  the  critical  resistance. 
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The  oscillations  are  produced  in  the  following  manner  :-Let  us  suppose 
that  the  jar  is  positively  charged,  then  the  glass  dielectric  is  in  a state  of  strain,' 
the  strain  lines  being  directed  outwards  from  the'  inner  coating  to  the  outer. 
When  the  jar  is  discharged  through  a wife  of  low  resistance  the  strain  is  so 
rapidly  removed  that  the  dielectric  iri  the  act  of  taking  up  its  unstrained  con- 
dition swings  past  the  neutral  point  and  for  a moment  assumes,  but  to  a less 
extent,  a strain  in  the  opposite  direction,  and  the  jar  is  negatively  chained. 
This  is  then  discharged,  and  the  strain  is  again  reversed,  and  so  on.  That 
these  oscillations  really  take  place  has  not  only  been  theoretically  deduced  by 
Helmholtz,  KirchhofT,  and  Thomson,  but  proved  experimentally  by 
Oettingen  Wiillner,  who  describes  the  experiment 
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thus  : — 

Electricity  was  conducted  to  b,  representing 
the  battery  in  Fig.  56,  through  the  wire  c k,  of 
which  K could  touch  a ; at  f in  the  circuit  b F s J a 
spark  micrometer  was  inserted,  the  sparking  dis- 
tance of  which  could  be  adjusted.  The  arm  / a, 
movable  about  /,  acted  like  a key,  making  contact 
either  with  k or  the  lower  circuit,  as  desired.  At 
the  moment  of  discharge,  the  ball  a,  fastened  to  the 
wire  / A,  was  pressed  down  so  that  the  circuit  b / G s 
was  closed  after  the  first  discharge.  In  this  circuit 
a discharge  took  place  of  the  residual  charge  con- 
tained in  the  jar.  The  direction  of  the  current 
in  this  circuit  indicated  the  kind  of  charge  the 
battery  possessed  after  the  first  discharge  ; the  direc- 
tion of  the  current  was  indicated  by  the  direction 
of  the  swing  of  the  needle  of  a galvanometer  inserted  at  G,  and  the  amount  of 
the  discharged  electricity  was  indicated  by  the  magnitude  of  the  needle’s  swing. 
In  this  manner  Oettingen  was  enabled  to  prove  the  existence  of  negative 
residual  charges,  as  well  as  to  show  that  when  the  resistance  was  not  too  great 
or  the  sparking  distance  not  too  small,  the  discharges,  as  a rule,  were  oscillating 
ones.  Finally,  it  may  be  observed  that  Paalyow,  by  means  of  Geissler’s  tubes, 
made  oscillating  discharges  visible.  If  the  inner  and  outer  coatings  of  a 
charged  battery  or  jar  are  connected  with  a conductor,  the  one  or  other  kind  of 
discharge  will  take  place  according  to  the  resistance  in  the  circuit ; in  neither 
case  do  we  obtain  a total  discharge  when  the  two  coatings  are  in  conducting 
connection.  It  has  been  observed  that  a residual  charge  only  remains 
when  the  insulator  separating  the  two  coatings  is  a rigid  body,  and  that  the 
amount  of  this  charge  depends  upon  the  properties  of  this  rigid  insulator. 
It  was  further  found  that  the  residual  charge  increases  with  the  thickness 
of  the  insulator,  and  the  magnitude  of  the  charges  given  to  the  coatings. 
From  these  facts  we  must  conclude  that  the  insulators  are  the  cause  of 
these  phenomena.  Faraday  explained  the  phenometta  of  the  residual 
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charge  in  this  way  : When  a jar  receives  a positive  charge,  + electricity  flows 
from  the  inner  coating  to  the  surface  of  the  insulator  nearest  this  coating ; 
- electricity  flows  from  the  outer  coating  again  to  the  surface  of  the  insulator 
nearest  it.  These  opposite  kinds  of  electricity,  on  the  two  sides  of  the  insulator, 
attract  one  another.  During  discharge  the  electricities  that  remain  behind  on  the 
coatings  neutralise  each  other.  The  electricities  on  the  surfaces  of  the  insulator, 
however,  are  not  able  to  flow  back  so  quickly  (on  account  of  the  bad  conductivity 
of  the  insulator),  and  therefore  remain  behind  after  the  first  discharge  \ if  after  a 


little  while  the  coatings  are  again  connected,  the  remaining  electricities  will  have 
had  time  to  flow  back  to  the  coatings,  and  a new  discharge  will  take  place. 
Maxwell  attributes  the  residual  charge  not  so  much  to  the  bad  conductivity  as 
the  unequal  conductivity  of  the  dielectric.  Others,  by  expanding  Faraday’s 
explanation,  consider  that  the  molecules  of  the  dielectric  are  subjected  to  strain 
from  which  they  do  not  recover  all  at  once,  so  that  the  phenomenon  resembles 
what  is  known  as  the  “ elastic  recovery  ” of  solids  that  have  been  subjected  to  a 
strain.  The  evidence  supporting  this  theory  is  very  strong. 

The  Condenser  with  movable  Coatings. — As  a proof  of  this  e.\plana- 
tion  a dissectible  jar  or  plate  was  devised.  The  jar  is  first  charged,  then  placed 
on  an  insulating  table.  The  inner  coating  is  lifted  out,  and  the  glass  is  taken  out 
of  the  remaining  coating.  The  two  coatings  may  be  rubbed  or  brought 
together,  and  yet  when  the  parts  are  replaced,  the  jar  will  be  found  to  be 
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charged.  It  seems  as  if  the  charges  remained  on  the  surfaces  of  the  glass.  A 
condenser  which  can  be  taken  to  pieces  for  this  purpose  is  shown  in  Fig.  57.  a 
and  b are  tlie  two  coatings,  made  of  sheet  brass,  resting  on  movable  glass  pillars. 
The  glass  plate  c represents  the  insulator.  When  a and  b are  pushed  close  to  c, 
the  apparatus  becomes  a Franklin 
plate ; in  this  position  the  condenser 
is  cliarged ; when  a and  b are  moved 
from  r,  both  appear  electrified,  the 
one  positively,  the  other  negatively. 

The  two  plates  are  discharged,  and 
again  moved  close  to  c ; the  plates 
again  appear  electrified,  slightly 
weaker  than  before.  It  seems  then 
that  the  greater  portion  of  the 
charge  resides  within  or  on  the 
surface  of  the  glass  plate,  Kohl- 
rausch  objects  to  this  explanation  : 
for  when  both  electricities  really  go 
over  to  the  insulator,  there  is  no 
reason  why  they  should  again  go 
back  to  the  coatings  to  cause  a new 
discharge.  Kohlrausch  thinks  the 
residual  charges  to  be  an  inductive 
phenomenon ; he  thinks  the  elec- 
tricities on  the  coatings  influence 
the  insulator  in  the  same  manner  as 
a magnet  influences  a piece  of  soft 
iron.  Clausius  is  of  the  same  opinion 
as  Kohlrausch,  whilst  Bezold  thinks 
Faraday’s  explanation  to  be  more 
likely  to  be  the  right  one.  Wiillner 
tried  experimentally  to  prove  the 
correctness  of  the  one  or  the  other, 
but  arrived  at  no  definite  conclusion, 
present  is  the  theory  that  the  phenomenon  is  due  to  the  elastic  recovery  of  the 
dielectric  from  the  strains  to  which  it  has  been  subjected. 

Velocity  of  Discharge. — Wheatstone’s  experiments  regarding  the  dura- 
tion of  discharges  led  him  to  determine  the  velocity  of  the  transmission  of  elec- 
tricity. Le  Monnier  and  Watson,  as  has  been  mentioned  already,  in  the  second 
half  of  the  eighteenth  century  endeavoured  to  do  so,  but  obtained  no  results. 
The  method  Wheatstone  makes  use  of  for  the  determination  of  the  velocity  of 
transmission  is  the  same  as  for  determining  the  duration  of  discharge,  viz.,  a 
rotating  mirror.  The  arrangement  is  shown  in  Fig.  58.  k is  a Leyden  jar.  The 
knob  a is  connected  with  the  inner  coating,  and  opposite  to  a is  placed  a 


Fig.  58- — The  Velocity  of  Electricity. 

The  more  generally  accepted  view  at 
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similar  ball  b,  which  is  connected  with  the  outer  coating  of  the  jar.  Before  the 
two  electricities  can  unite,  that  is  to  say  before  a spark  can  pass,  they  have  to  pass 
through  F and  L If  from  the  outer  coating  of  the  jar  we  trace  the  course  of  this, 
we  find  that  electricity  has  to  pass  from  6 to  5,  then  through  l up  to  4,  from  there 
to  3,  then  through  Lj^  to  2 and  i,  and  finally  through  the  wire  to  6,  and  then  back 
to  a again.  The  electricity  of  the  inner  coating  passes  along  the  same  course,  but 
in  the  opposite  direction.  Wheatstone  gave  the  insulated  conductors  l and  l,  a 
length  of  402  metres,  so  that  the  total  length  the  current  had  to  travel  was  804 
metres.  During  discharge,  sparks  will  pass  between  5 and  6,  4 and  3,  i and  2. 

The  three  sparks  will  appear  in  one  straight 
line,  the  balls  i to  6 lying  in  one  straight 
line.  Behind  these  balls  a mirror  rotates 
(not  shown  in  the  diagram).  As  long  as 
the  mirror  remains  motionless  the  three 
sparks  will  be  seen  as  sparks  simply  ; when 
the  mirror  rotates,  the  sparks  appear  as 
three  straight  lines  parallel  to  each  other. 

If  the  three  sparks  made  their  appear- 
ance at  one  and  the  same  time  (in  other 
words,  if  electricity  required  no  time  to  pass 
through  L and  l,),  the  three  lines  in  the 
revolving  mirror  would  appear  and  disappear 
together ; the  appearance  then  would  re- 
semble b,  ; but  in  reality  is  the  appearance 
obtained  in  the  experiment.  From  it  we 
see  that  the  spark  passing  from  3 to  4 must 
have  been  later  than  the  sparks  left  and  right 
of  it.  As  the  outer  lines  commenced  and  ended  together,  it  follows,  there- 
fore, that  the  two  outer  sparks  appeared  together,  that  electricity  requires  a 
certain  time  to  travel  through  the  distances  indicated  in  the  figure,  and  also  that 
during  discharge  there  are  two  distinct  currents  opposite  to  each  other,  one 
flowing  from  the  inner  to  the  outer  coating,  the  other  in  the  opposite  direction. 
The  experiment  enables  us  to  calculate  the  velocity  with  which  the  electricity 
moves  in  the  copper  wires  l.  To  pass  from  5,  through  the  circuit  l,  to  4,  the 
current  evidently  required  the  same  time  as  to  pass  between  the  first  and  second 
line  in  the  mirror.  This  time  we  can  determine  if  we  know  the  velocity  of 
rotation  of  the  mirror  and  the  length  of  the  piece  d e,  which  is  the  difference  of 
the  first  and  the  middle  line  in  b,.  Before  making  the  calculation,  it  is  necessary 
to  mention  that  the  image  formed  by  reflection  travels  through  twice  the  angle- 
through  which  the  mirror  turns.  Fig.  59  serves  as  an  explanation  of  this  fact 
respecting  plane  mirrors,  s s'  represents  a mirror,  and  o n the  normal  or  per- 
pendicular to  it.  F is  the  spark  sending  a ray  of  light  in  the  direction  f o.  o b 
is  the  reflected  ray,  making  the  angle  b o 's  - the  angle  f o n.  If  now  the  mirror 
be  moved  into  the  position  s,  s/,  so  that  the  normal  to  it  is  o n„  making  with 


F'g-  59* — Double  Angle  of  Reflection. 
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the  reflected  ray  must  form  an  equal  angle 
-o  fall  in  the  direction  o b-,.  The  mirror  has 


Yy  VV^,  *1  ^ V/W***^v»*  ^ 

For  the  law  of  reflection  shows  us  that : 


le  s Si  while  the  reflected  ray  has  moved  through  the  angle 
the  two  angles  we  find  that  w Wi  is  double  the  angle  s’Si- 


In  the  first  case,  the  angle  f o ^ = twice  the  angle  f o n. 

In  the  second  case,  the  angle  f o ^i  = twice  the  angle  f o Ni- 

Hence,  by  subtraction,  the  angle  bob^  = twice  the  angle  n o Nj. 

But  the  angle  between  the  two  normals  = the  angle  between  the  two  positions 
of  the  mirror. 

Hence  the  angle  b o b^,  or  w Wi  = twice  the  angle  s Si- 

As  has  been  mentioned  already,  we  do  not  perceive  the  images  of  the  different 
sparks,  but  the  distance  which  the  spark  travels  seems  a continued  line  of  light, 
provided  the  mirror  has  a sufficiently  great  velocity.  The  length,  then,  of  this  line 
evidently  depends  upon  the  duration  of  the  spark  and  the  velocity  of  the  mirror.  We 
have  seen  that  w w,  describes  an  angle  double  the  angle  s ; the  same  holds  good 
for  the  short  line  d e (Fig.  53),  which  is  the  difference  between  the  middle  and  the 
outer  line  of  light,  and  which  we  wish  to  determine.  If  we  then  know  with 
what  velocity  the  mirror  moves,  that  is,  if  we  know  the  time  which  is  required  to 
allow  the  mirror  to  make  one  revolution,  and  also  the  duration  of  the  spark,  we 
can  calculate  the  length  of  the  line  d e.  If,  for  instance,  the  mirror  makes  800 
revolutions  per  second,  it  travels  through  an  angle  of  800X360  degrees = 
288,000  degrees.  Let  the  time  between  the  appearance  of  the  first  and  second 
line  of  light  = x seconds.  The  whole  number  of  degrees  the  mirror  goes  through 
will  be  X X 288,000  degrees.  The  image  travels  in  the  same  time  double  the 
above  distance,  that  is  2 x 288,000  x ^ = ^^6,000  x degrees  j this  result  repre- 
sents the  length  of  the  piece  d e (Fig.  ss).  Suppose  the  piece  when  measured 
proves  to  be  o'5  degree,  we  obtain  o'j  ^ frona  which  we  can  easily 

find  the  value  of  the  time  of  retardation  of  the  spgfk. 


The  figures  here  given  were  obtained  experimentally  by  Wheatstone.  From 
these  the  velocity  of  electricity  can  be  calculated.  If  the  current  requires 
o'oooooo868  second  to  flow  through  the  402  metres  of  the  circuit  L,  it  will 
flow  in  one  second  through  a copper  wire  the  length  of  which  is 


Hence,  according  to  Wheatstone,  electricity  would  flow  through  a copper  wire 
463,133  kilometres  long  in  one  second.  The  result  obtained  cannot  be  supposed 


Hence  x = = •600000868  second. 

576000  1 . 


402000000000 


463,133  kilometres. 
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to  give  an  exact,  but  only  an  approximate  value  of  the  velocity  of  transmission 
of  electricity.  The  properties  of  the  conducting  wire  have  to  be  taken  into' 
account,  and  also  its  configuration.  Walker,  Fizeau,  and  Grunelle,  neglecting 
the  latter,  arrived  at  different  results.  According  to  the  theoretical  calculations 
of  Kircholf,  as  well  as  of  Ayrton  and  Perry,  the  velocity  of  electricity  in  a 
wire  without  resistance  would  be  equal  to  the  velocity  of  light. 

Heating  Effects  of  Discharge. — We  have  yet  to  consider  heating  and 
lighting  effects,  as  well  as  mechanical,  chemical,  magnetic,  and  physiological 
effects  of  the  electrical  discharge.  The  heating  effect  of  the  electrical  spark  is 
shown  by  means  of  the  apparatus  Fig.  6o-  The  brass  basin  m rests  on  a glass 
pillar,  and  into  m dips  the  point  s,  but  without  touching  it.  Into  the  basin, 
which  is  connected  with  the  earth,  inflammable  substances,  such  as  ether,  alcohol. 


etc.,  are  brought.  The  knob  of  a charged  Leyden  jar  is  brought  near  the  ball 
at  the  other  end  of  the  rod  s,  when  a spark  will  pass  from  s,  and  ignite  the 
substance  contained  by  the  basin. 

To  ignite  substances  such  as  gunpowder,  the  universal  discharger  by  Henley 
is  made  use  of,  shown  in  Fig.  54.  The  powder  is  placed  between  kk  ; and  a 
wet  string  is  introduced  into  the  circuit  to  increase  the  resistance  and  to  detain 
the  discharge,  as  the  powder  requires  some  little  time  before  it  is  sufficiently  hot 
for  explosion.  Frequently,  when  discharge  takes  place  immediately,  the  passing 
spark  only  scatters  the  powder  without  igniting  it. 

The  heating  effect  of  the  electrical  spark  may  be  further  shown  by  allowing 
it  to  pass  through  combustible  gases.  On  this  principle  the  electrical  mortar  is 
based  (Fig.  61).  The  mortar  is  filled  with  some  gas  that  forms  an  explosive  with 
air,  such  as  coal  gas,  mixed  in  explosive  proportions.  The  mouth  of  the 
mortar  is  closed  by  a tightly  fitting  projectile.  When  the  spark  passes  be- 
tween the  two  balls,  as  shown  in  the  figure,  it  ignites  the  gas,  and  the  sudden 
increase  of  volume  forces  the  projectile  out  of  the  mortar. 


Fig.  60. — Heating  Effect  of  Discharge. 


Fig.  61. — The  Electric  Mortar 
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Reiss  invented  an  instrument,  shotvn  in  Fig.  62,  to  measure  the  heal  caused 
bv  electrical  discharges.  The  glass  globe  K,  whose  diameter  is  3-6  inches  con- 
tains a platinum  spiral  terminating  in  the  screws  s s,.  A tube  with  a small  but 
uniform  bore,  terminating  in  the  vessel  g.  runs  from  the  lower  portion  of 
the  globe,  as  shown  in  the  figure,  b and  G are  of  wood,  and  the  former  can  be 
raised  or  lowered  about  the  hinge  at  the  end  by  the  metal  prop  adjusted  by 


means  of  the  screw  b.  Thick  wires  connect  the  platinum  spiral  with  the  bind- 
ing screws  d Dj,  which  rest  on  glass  blocks.  At  o the  globe  has  a well-fitting 
glass  stopper  by  which  the  atmospheric  pressure  can  be  regulated.  When  read- 
ings are  taken,  the  glass  tube  is  first  filled  with  some  fluid  ; the  stopper  o is 
replaced,  and  the  whole  instrument  inserted  in  the  circuit  by  means  of  dDj. 
When  the  discharge  has  taken  place  the  platinum  wire  becomes  heated,  and 
causes  the  air  in  the  globe  to  expand,  pushing  the  liquid  in  the  tube  towards  g. 
By  means  of  the  depression  in  this  tube  we  are  able  to  determine  the  heating 
effects  of  an  electrical  discharge  of  a battery. 
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Careful  quantitative  experiments  made  by  Reiss  showed  that  the  heat 
generated  in  the  platinum  wire  is  proportional  to  the  square  of  the  quantity 
of  electricity  discharged  through  it.  quantity 


Fig.  63. — Prush  Di.scliarge. 


Fig.  64. — Brush  Discharge. 


Fig.  65. — Discharge  from  12-plate  Wimshurst  Machine. 


Luminous  Effects. — In  close  relation  to  the  heating  effects  are  the 
luminous  effects  caused  by  electrical  discharges.  If  the  potential  of  the  positive 
conductor  of  an  electrical  machine  becomes  such  as  to  cause  an  overflow  of 
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electricity,  this  flowing  over  causes  the  phenomenon  of  light,  which  may  be  seen 
to  radiate  like  a brush  when  a point  is  placed  on  the  con- 
ductor. The  electrical  brush  represented  in  Fig.  63  is, 
however,  only  perceptible  in  the  dark.  If  very  powerful 
machines  are  used  it  assumes  the  appearance  shown  in 
Fig.  64.  These  phenomena  of 
light  undergo  an  alteration  when 
a conducting  Substance  is  brought 
near  the  conductor  of  the  machine 
(the  distance  must  be  so  great  as 
not  to  cause  discharge) ; the  brush 
of  light  then  undergoes  the  modi- 
fication shown  in  Fig.  66.  When 
a powerful  spark  has  to  overleap 
a short  distance  only,  it  will  ap- 
pear uniformly  luminous,  and 
pass  in  a straight  line.  The  same 
spark  can  be  made  to  overleap 
several  intervals  in  a circuit,  pro- 
vided the  sum  of  the  intervals  is 
not  greater  than  the  interval  the 
spark  is  capable  of  passing.  On 
this  principle  the  spangled  tube, 
shown  in  Fig.  67,  has  been  con- 
structed. A glass  tube  has  a 
strip  of  tinfoil  wound  in  spiral 
form  round  it;  the  ends  of  the 
tinfoil  are  in  connection  with 
metal  clamps,  one  of  which  is 
attached  to  the  source  of  elec- 
tricity, and  the  other  to  a wire  connected  with  the  earth.  The  tinfoil  spiral  is 
cut  through  at  frequent  intervals. 

If  the  distance  the  spark  has  to  pass  becomes  very  great,  uniform  luminosity 
and  motion  in  a straight  line  cease.  Powerful  sparks  overleaping  a great  distance 
have  the  appearance  shown  in  Fig.  68.  Or  when  the  quantity  of  electricity  dis- 
charged is  very  great  the  spark  may  split  up  into  several  distinct  lines  of  light 
sprinkled  with  bright  beads,  as  shown  in  Fig.  65,  which  represents  a discharge 
13^  inches  long  obtained  from  the  12-plate  Wimshurst  Machine  of  Fig.  45. 
The  ramifications  and  zigzag  motion  of  the  spark  may  be  explained  thus  : — The 
discharge  always  takes  place  along  the  line  of  least  resistance ; in  consequence  of 
the  motion  of  the  air  and  the  heating  effect,  the  air  in  front  of  the  spark  becomes 
compressed,  and  its  resistance  increased.  To  avoid  this  resistance,  it  moves  in  a 
new  direction  until  a certain  density  is  again  encountered,  when  the  spark  is 
again  deflected,  and  so  on.  A spark  passing  between  metals  has  been  analysed 


Fig.  66. 

Spark  Discharge. 


Fig.  67. 

The  Spangled  Tube. 
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spectroscopically  ; and  it  has  beet,  found  that  the  colour  of  the  spark  depends  on 
the  metals  and  the  gas  through  which  it  passes.  Properly  speaking,  the  elec- 
trical spark  is  a consequence  of  the  heating  effect  of  the  discharge,  which  renders 
particles  of  gas  and  metal  incandescent.  That  particles  of  metal  are  really  torn 


Fig.  68. — The  Forked  Spark.  Fig.  69. — The  Electric  Egg. 


off  during  discharge  can  easily  be  proved  by  examining  the  nietal  points  between 
which  the  discharge  takes  place  ; metal  particles  are  carried  away  from  one  and 
deposited  on  the  other.  If,  for  instance,  two  metals  be  taken,  copper  and  silver, 
and  the  spark  passes  from  the  silver  to  the  copper,  a deposit  of  silver  is  found 
on  the  copper.  To  show  the  effect  of  sparks  in  different  gases  at  different  pres- 
sures the  electric  egg  is  used.  {See  Fig.  69.)  It  consists  of  a glass  globe, 
shaped  as  represented  in  the  figure ; the  brass  fittings  of  the  upper  end  have 
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an  air-tight  stuffing-box,  or  perforated  cork,  through  which  the  electrode  can  be 
moved.  The  brass  fittings  at  the  lower  end  carry  the  second  electrode,  which, 
as  a rule,  is  fixed.  The  lower  portion  of  the  foot  is  accurately  ground,  so  as  to 
fit  tightly  on  the  plate  of  an  air-pump.  By  means  of  a stop-cock  the  pressure 
can  be  regulated,  or  the  egg  closed  when  the  desired  degree  of  exhaustion  has 
been  attained. 

Let  us  take  an  actual  example  for  illustration.  Suppose  the  globe  to  be 
filled  with  dry  ordinary  air,  or  with  pure  nitrogen  gas,  the  electrodes  being 
arranged  at  such  a distance  that  no  spark  will  pass ; a portion  of  the  air  is  now 
removed  by  means  of  the  air-pumps.  As  soon  as 
the  air  has  been  rarefied  to  a certain  degree,  red 
lines  of  light  will  appear  at  the  positive  electrode ; 
as  the  exhaustion  is  continued,  the  number  of 
lines  of  light  increases, . and  the  glow  grows  in 
size  until  the  whole  globe  is  filled  with  one  mass 
of  red  light,  brightest  towards  the  positive  elec- 
trode and  diminishing  in  luminosity  towards  the 
negative  electrode.  Frequently  layers  of  different 
intensity  appear,  as  shown  in  Fig.  69,  Different 
colours  are  obtained  with  different  gases. 

Mechanical  Effects.  — To  the  , simplest 
mechanical  effects  belong  the  electrical  wheel  or 
windmill  already  referred  to,  the  motion  of  which 
is  due  to  the  force  of  repulsion  between  points 
and  particles  of  air.  When  we  place  the  electrical 
wheel  under  the  receiver  of  an  air-pump,  and 
then  charge  it  after  the  air  has  been  exhausted, 
we  find  that  it  rotates  far  more  slowly  than 
before.  The  phenomena  of  attraction  and  re- 
pulsion have  been  made  use  of  for  electrical  toys, 
as,  for  instance,  the  electrical  butterfly,'  electrical  hammer,  etc.,  etc.,  the 
principle  of  which  will  be  understood  from  the  following  description  of 
one,  namely,  the  electrical  hail.  Several  cork  and  pith  balls  are  placed  on  a 
metal  plate  which  ik  connected  with  the  earth.  A bell-jar,  through  the  neck  of 
which  there  passes  a brass  rod  terminated  by  balls,  covers  the  whole  (Fig.  70). 
The  inner  ball  becomes  electrified  when  the  outer  is  charged,  and  attracts  the 
cork  balls,  electrifies  them,  and  then  again  repels  them.  The  electrified  cork 
balls  fall  upon  the  metal  plate,  lose  their  electricity,  and  are  again  attracted  by 
the  brass  ball.  The  cork  balls  continue  to  jump  about  until  the  charge  in  the 
brass  ball  has  nearly  spent  itself. 

Fuchs  observed  that  when  water-drops  are  electrified  they  coalesce  and 
become  larger,  and  the  relationship  between  the  size  of  the  rain  drops  and  the 
electrical  condition  of  the  atmosphere  deserves  the  attention  of  physicists. 

In  the  history  of  electricity  we  mentioned  an  experiment  that  served  to 
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support  Du  Fay  and  Symmer’s  theory  : we  mean  the  perforation  of  a stout  piece 
of  paper  by  means  of  the  electrical  spark.  The  turning  up  of  the  edges  on 
both  sides  was  accounted  for  by  stating,  that  an  electrical  discharge  was  the 
result  of  two  currents  flowing  in  opposite  directions  to  each  other.  Riess, 
however,  holds  that  the  experiment  only  proves  that  the  mechanical  effects  pro- 
duced by  the  current  spread  uniformly  in  all  directions,  and  the  fibres  of  the 
paper  give  way  in  that  direction  where  they  find  least  resistance.  If  the 
electrical  discharge  is  sufficiently  powerful,  it  will  perforate  glass  plates  of  con- 
siderable thickness.  The  apparatus  usually  used  for  this  purpose  is  shown  in 
Fig.  7T.  In  the  centre  of  a cylindrical  glass  vessel  is  a metal  point  a,  which  is 

connected  with  the  binding  screw  k,  to 
which  a wire  can  be  attached ; exactly  op- 
posite to  a is  the  point  b.  The  glass  plate 
s s to  be  perforated  is  placed  between  the 
two  points, -resting  on  the  top  of  the  cylin- 
der. Care  ought  to  be  taken  that  the  glass 
plate  is  dry  and  clean,  and  not  too  small. 

Electric  Dust  Figures. — Lichten- 
berg’s  figures  are  another  illustration  of  the 
mechanical  effects  of  electrical  discharges. 
These  figures  are  obtained'  in  the  following 
manner  ; Over  a smooth  cake  of  resin  is 
held  an  iron  point  connected  with  the 
inner  coating  of  a Leyden  jar  or  the  prime 
conductor  of  an  electric  machine.  Through 
this  point  the  resin  cake  receives  its  charge. 
The  metal  point  is  withdrawn,  and  a fine 
powder  is  dusted  through  a piece  of  muslin 
over  the  cake.  The  dust  then  arranges  itself  in  distinct  figures.  The  dust 
mixture  usually  consists  of  vermilion  and  sulphur,  or  red  lead  and  lyco- 
podium powder,  and  is  shaken  out  from  a muslin  bag.  The  particles  rub 
against  each  other  and  against  the  muslin  and  become  electrified,  the  sulphur 
negatively  and  the  vermilion  positively.  The  former  are  attracted  by  the 
positively  electrified  parts  of  the  resin  cake,  the  latter  by  the  negative.  The 
positively  electrified  places  will  appear  yellow,  and  the  negatively  electrified 
places  red.  But  the  difference  of  form  is  of  more  importance  than  this 
difference  of  colour.  Fig.  72  shows  the  characteristic  figure  for  a positive 
charge ; Fig.  73  the  same  for  a negative  charge.  If  the  resin  cake  has  a 
mixed  charge — that  is,  positive  and  negative — we  obtain  a mixed  figure.  Fig. 
74  represents  such  a figure.  We  observe  a red  disc  in  the  centre,  corre- 
sponding to  the  negative  electrification,  surrounded  by  rays  of  yellow,  corre- 
sponding to  the  positive  electrification.  Such  a figure  is  easiest  produced  by 
a Ruhmkorff  coil.  The  investigation  of  Lichtenberg’s  figures  has  been  con- 
tinued by  Bezold,  Reitlinger,  Riess,  and  Wachter.  Wachter  especially  made 
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experiments  under  many  conditions,  and  he  succeeded  in  obtaining  positive 
ficmres  which  had  the  appearance  of  negative  ones  ; this,  however,  only  happened 
when  the  point  through  which  the  charge  was  directed  was  made  of  a non- 
conducting substance,  having  its  surface  free  from  dust ; but  he  never  obtained 
negative  figures  resembling  positive  ones.  From  these  experiments  Reitlmger 
and  Wachter  concluded  that  for  the  production  of  positive  figures  the  carriers 
of  electricity  must  be  rigid  particles,  which  from  the  point  are  hurled  towards 
the  surface  bn  which  they  slide,  and  to  which  they  give  up  their  electricity.- 
When  a spark  passes  between  metals,  little  particles  are  torn  off  the  positive 
metal,  as  has  been  already  mentioned.  Now  it  is  these  particles  that  cause 


Fig.  72.— Positive  Dust- Figure.  Fig.  73.— Negative  Dust-Figure. 

the  ramification  in  the  positive  figures,  for  if  a non-conductor  be  used,  such 
as  a piece  of  wood,  the  tearing  off  of  the  particles  does  not  take  place,  and  the 
figure  is  simply  a round  disc.  Electrification  of  the  resin  plate  in  this  case  is 
obtained  through  the  agency  of  particles  of  air,  which  electrify  the  plate 
uniformly  in  all  directions.  If,  however,  the  surface  of  the  bad  conductor  be 
covered  with  dust,  this  dust  will  be  hurled  away  by  a positive  discharge, 
and  the  positive  figure  will  then  show  the  ramifications  in  spite  of  the  con- 
ducting substance  being  used.  Wherever  negative  electricity  is  imparted  to 
the  resin  surface,  traces  of  ^fw-shaped  distribution  are  left  behind ; whilst 
positive  electricity  produces  figures  which  may  appear,  according  to  circum- 
stances, in  radial  lines,  or  in  circular  discs  and  rings.  To  produce  a negative 
figure  with  even  the  slightest  trace  of  lines  has  been  found  impossible. 

For  the  production  of  Lichtenberg’s  figures  we  may  not  only  use  resin 
plates,  but  also  glass,  ebonite,  wax,  etc.  The  powder,  too,  may  be  changed  for 
others,  provided  one  of  the  ingredients  becomes  positively  electrified,  and  the 
other  negatively  electrified,  when  rubbed  together. 
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Physiological  and  Chemical  Effects  of  Electrical  Discharges, 
— When  we  bring  a finger  near  to  a charged  conductor  we  feel  an  unpleasant 
sensation,  and  if  the  spark  is  pcv:erful  serious  injuries  may  be  received.  The 
spark  of  a battery  of  Leyden  jars  is  capable  of  killing  large  animals. 

When  the  discharge  of  a battery  is  conducted  through  chemical  compounds^ 
they  may  be  decomposed.  For  instance,  if  from  the  negative  and  positive 
conductors  of  an  electrical  machine  wires  are  dipped  into  a solution  of  sulphate 
of  copper,  and  the  machine  is  worked  for  some  time,  we  shall  find-  on  the  wire 
of  the  negative  conductor  metallic  copper  deposited,  although  the  action  is  a 
very  slow  one.  The  peculiar  odour  in  the  air  about  an  acting  electric  machine 

is  also  due  to  the  chemical 
effects  of  electrical  discharges ; 
the  molecules  of  oxygen  are  de- 
composed and  rearranged  in  a 
modification  known  under  the 
name  of  ozone. 

Magnetic  Effects. — 
Magnetic  effects  of  electrical 
discharges  show  themselves  in 
two  different  ways.  A mag- 
netic needle  free  to  move  is 
influenced  when  brought  near 
a circuit  through  which  dis- 
charges take  place.  When 
electrical  discharges  are  con- 
ducted through  a wire  spiral,  in 
the  centre  of  which  there  is  a 
steel  needle,  this  needle  will 
become  a permanent  magnet. 

The  Return  Shock. — Many  electrical  effects  of  discharges  are  to  be 
accounted  for  as  effects  of  induction.  The  return  shock  sometimes  felt  by 
persons  standing  near  a conductor  which  is  being  discharged  is  of  this  nature, 
and  may  be  explained  in  this  manner.  Two  conductors  are  placed  near  to  the 
points  between  which  the  discharge  is  to  take  place ; the  one  farthest  from  the 
circuit  being  connected  with  the  earth.  Whilst  the  discharge  is  taking  place  in 
the  circuit,  the  two  conductors  will  be  influenced  by  it.  The  two  conductors 
being  differently  situated  with  respect  to  the  charged  bodies  are  differently  in- 
fluenced by  electric  induction  from  them.  Not  only  is  the  dielectric  between 
the  charged  bodies  in  a state  of  strain  which  is  finally  increased  up  to  the 
breaking  point,  but  the  remainder  of  the  dielectric  in  the  neighbourhood,  in- 
cluding that  surrounding  the  two  conductors  is  also  in  a state  of  strain,  and  one 
of  these  being  connected  to  earth  becomes  charged.  Now  when  the  two  charged 
bodies  are  discharged  the  cause  of  this  state  of  strain  is  suddenly  removed,  and 
the  neighbouring  conductors  return  to  their  natural  condition.  This,  however, 
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necessitates  a very  rapid  re-arrangement  of  the  electrical  distributions  a moment 
before  existing  on  them  in  consequence  of  the  strain,  and  in  this  re-arrangement 
violent  momentary  currents  may  occur  in  the  conductors  giving  rise  to  what  is 
known  as  the  return  stroke. 

Atmospheric  Electricity, — The  upper  layers  of  air  are  more  or  less 
electrified,  so  as  to  have  a potential  differing  from  that  of  the  earth,  but  how 
their  electrical  condition  has  been  produced  is  not  at  present  known.  Con- 
densation of  water-vapour  is  known  to  produce  electricity ; it  is  found  that 
there  are  greater  differences  of  electrical  condition  at  different  elevations  under 
a clouded  sky  than  with  a clear  sky,  and  it  is  always  clouded  when  there  is  a 
display  of  lightning.  Lamont  considers  the  atmospheric  electricity  to  be 
a consequence  of  the  earth’s  electricity.  Close  to  the  earth  the  air  has 
little  or  no  charge;  the  farther  from  the  earth  the  greater  the  amount  of 
electricity  in  the  air. 

Difference  of  Potential  in  the  Air.— Employing  the  terms  we  have 
now  adopted  to  indicate  a difference  of  electrical  condition,  we  should  say 
that  many  experiments  prove  that  there  is  a difference  of  potential  between  the 
earth  and  points  in  the  air  above.  In  fine  weather  the  potential  is  higher  the 
higher  we  go,  increasing  usually  at  the  rate  of  twenty  to  forty  volts  for  each 
foot.  It  changes,  however,  very  rapidly  in  broken,  windy,  and  rainy  weather, 
and  is  even  at  times  reversed,  becoming  for  a time  negative  as  regards  the 
earth.  The  plans  adopted  to  test  the  potential  at  any  point  usually  consist  in 
placing  an  insulated  conductor  at  that  point,  and  allowing  for  the  discharge 
of  free  electricity  from  it,  its  electrical  condition  being  afterwards  tested  by  an 
electroscope  or  electrometer.  This  discharge  takes  place  when  material  particles 
are  made  to  leave  the  conductor.  Volta  used  a small  flame  at  the  end  of  an 
exploring  rod.  Sir  William  Thomson  used  an  insulated  water-can,  from  which 
water  was  allowed  to  drip,  or  an  exploring  rod  with  smouldering  touch-paper 
at  the  end.  He  has  also  employed  with  success  a portable  electrometer,  on 
the  same  general  principle  as  the  quadrant  or  divided  ring  electrometer. 
Peltier  used  an  insulated  pith-ball  electrometer  with  a metal  dome,  and  means 
of  connecting  it  for  an  instant  with  the  earth. 

Lightning. — Lightning  is  due  to  the  equalisation  of  potential  in  the  clouds, 
where  the  electrical  spark  appears  as  lightning  and  the  sound  it  produces  as 
thunder.  Lightning  chooses  the  easiest  path  for  its  passage.  There  are  three 
forms  of  lightning ; fork  lightning,  sheet  lightning,  ball  lightning.  Sheet  lightning 
may  be  regarded  as  brush-like  discharges  from  cloud  to  cloud;  it  is  not  necessary 
that  one  of  the  clouds  should  have  positive  and  the  other  negative  electricity. 
As  we  can  draw  sparks  from  an  electrified  body  by  bringing  near  it  an  unelectri- 
fied body,  so  an  electrified  cloud  can  lose  its  electricity  to  a non-electrified  cloud. 
Fork  lightning  may  be  compared  to  the  spark  with  ramifications  : and  the  same 
explanation  may  be  given  of  it.  The  quantity  of  electricity  in  a cloud  depends 
on  its  capacity  and  potential ; if  the  capacity  diminishes  while  the  quantity 
remains  the  same,  the  potential  rises.  The  difference  of  potential  between  two 
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masses  ot  cloud,  or  between  one  mass  of  cloud  and  the  earth,  may  become  so 
great  by  the  coalescing  of  drops  and  consequent  reduction  of  capacity,  that  the 
intervening  air  gives  way  under  the  strain,  and  a flash  of  lightning  is  the  result. 
When  lightning  is  directed  towards  our  earth,  it  strikes  the  highest  points 
first,  such  as  towers,  trees,  etc.,  and  then  takes  that  path  to  earth  which  offers 
least  resistance  to  its  passage.  If  lightning  has  to  pass  through  dry  sand,  it  fuses 
it,  and  produces  what  is  known  as  “fulgurite.”  Ball  lightning,  a phenomenon 


Fig.  75. — The  Aurora  Borealis. 


not  very  frequently  met  with,  consists  of  balls  of  fire  visible  for  about  ten 
seconds,  and  then  bursting  with  a ^ loud  explosion.  Lightning  ■without  thunder 
may  be  the  reflection  of  a far  distant  thunderstorm,  or  the  quiet  flowing  out  of 
electricity  from  the  clouds.  The  St.  Elmo’s  fire  shows  itself  in  brush-like  little 
flames,  appearing  on  the  sharp  edges  or  points  of  different  bodies  when  the  air 
is  rich  in  electricity.  Often  a peculiar  noise  which  is  characteristic  of  the 
flow  of  electricity  from  points,  is  heard  when  the  brushes  are  seen.  Lightning 
often  covers  a distance  of  more  than  a mile ; owing  to  the  rapidity  with 
which  lightning  travels  through  the  air  we  see  the  whole  distance  illuminated. 
The  time  which  elapses  between  the  flash  of  lightning  and  the  accompanying 
thunder  serves  often  to  approximately  determine  the  distance  of  a thunder- 
storm. Light  from  such  a distance  reaches  us  almost  immediately;  sound 
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travels  1,100  feet  per  second.  The  thunderstorm,  therefore,  will  be  at  a distance 
of  1,100  feet  X by  the  number  of  seconds  that  have  elapsed  between  the  flash 

and  the  report.  , . , , 

The  Aurora  Borealis.— This  phenomenon  is  seen  in  the  polar  regions 

every  night,  in  some  latitudes  seldom,  and  in  the  regions  of  the  equator  never. 
In  the  intermediate  latitudes  hardly  more  than  a reddening  of  the  evening 
sky  is  seen  ; but  in  the  polar  regions  it  is  one  of  the  most  brilliant  phenomena. 
Although  the  nature  of  the  aurora  borealis  as  yet  is  little  understood,  it  seems 
clear  that  magnetic  storms,  or  disturbances  of  the  earth  s magnetism,  are  due 
to  the  same  cause,  as  they  always  occur  together.  There  are  many  points 
of  similarity  between  a discharge  of  electricity  through  tubes  of  rarefied  air 
and  the  auroral  phenomenon.  Franklin  explained  the  aurora  as  an  electric 
discharge  in  the  rarefied  atmosphere  of  the  upper  regions,  between  the  cold 
air  of  the  polar  regions  and  the  warmer  air  from  the  tropics.  The  rarefied 
air  is  nearer  the  earth  at  the  poles  than  the  equator,  in  consequence  of  the 
earth’s  motion  of  rotation,  and  the  earth  being  negatively  electrified,  negative 
electricity  will  flow  from  this  point,  directed  against  the  positively  elecuified 
upper  layers  of  rarefied  air.  ,■ 
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Generation  of  Electricity  by  contact  between  Metals  or 
between  Metals  and  Fluids. — Let  us  refer  again  to  the  flow  of  electricity  in 
the  discharge  of  a Leyden  jar,  connected  with  a unit  jar  in  the  following  manner. 
A wire  leads  from  the  outer  coating  of  Lane’s  unit  jar  to  a brass  ball,  which 
stands  at  a convenient  sparking  distance  from  the  second  brass  ball  connected 
with  the-  inner  coating.  As  soon  as  the  potential  difference  between  the  two 
balls  rises  to  a certain  value  depending  upon  their  distance  apart,  a spark  passes 
between  them,  and  then  the  ball  connected  to  the  inner  coating  is  momentarily 
reduced  to  the  potential  of  the  earth.  But  during  this  discharge  of  the  unit  jar, 
if  the  discharging  circuit  has  only  a low  enough  resistance,  there  may  be  a series 
of  currents  oscillating  through  the  discharging  ware  alternately  in  opposite 
directions,  as  we  have  already  explained  very  fully  at  page  77.  We  have  had, 
further,  under  examination  the  chemical,  mechanical,  and  thermal  effects  pro- 
duced by  electrical  discharges,  and  we  have  seen  that  to  produce  these  effects 
electricity  had  to  be  in  motion,  and  to  flow  through  wires.  We  have  now  to 
trace  the  same  effects  when  two  dissimilar  metals  are  placed  in  an  acid  liquid, 
and  are  connected  by  a wire.  Such  an  arrangement  is  called  a galvanic 
cell  (Fig.  76).  The  simplest  form  of  a galvanic  cell  consists  of  a plate  of  zinc 
and  a plate  of  copper  immersed  in  diluted  sulphuric  acid.  The  cell  is  said  to  be 
closed  when  the  connecting  wires  touch  each  other,  open  when  the  wires  do  not 
touch  each  other.  When  the  circuit  is  closed  we  say  a cun'ent  flows  through  it, 
meaning  thereby  that  the  following  effects  may  be  observed  : (r)  If  the  wire  be 
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stretched  over  a magnetic  needle,  the  needle  ^vill  be  deflected;  (2)  if  the  wire  be 
broken  and  the  two  ends  be  placed  upon  moist  paper  which  has  a solution  of 
potassium  iodide  and  starch,  the  paper  will  become  blue,  owing  to  the  separation 
of  iodine  ; moreover,  the  two  ends  placed  upon  the  tongue  will  produce  a peculiar 
taste;  (3)  a thin  wire  inserted  will  become  slightly  hot.  The  current  here  also, 
therefore,  may  be  made  to  produce  all  the  magnetic,  chemical,  and  thermal 
effects  we  have  described  in  connection  with  the  flow  or  discharge  of  electricity. 

we  examine  the  electrical  nature  of  the  two  metals  more  closely  (when  they 
are  partly  immersed,  but  not  connected  by  an  outside  wire)  we  find  that  the 
zinc  end  not  immersed  is  negatively  electrified,  and  the  dry  copper  end  positively 
electrified,  and  at  a higher  potential  than  the  zinc  end.  Hence,  when  the 

circuit  is  completed  a current  of  electricity  flows  from 
the  copper  to  the  zinc,  and  the  above-mentioned 
phenomena  are  manifested.  From  these  facts  we  con- 
clude that  electricity  must  be  in  motion  not  only  through 
the  connecting  wire,  but  also  between  the  immersed 
ends  of  the  metals  in  the  liquid.  For  the  current  differs 
from  that  produced  by  the  discharge  of  two  oppositely 
electrified  conductors,  in  that  it  is  not  momentary  but 
continuous.  In  other  words,  electricity  continues  to  flow 
in  an  apparently  inexhaustible  stream  from  the  copper 
to  the  zinc  through  the  wire.  But  there  is  no  evi- 
dence of  its  accumulation  on  the  zinc,  therefore  it 
must  return  to  the  copper  by  the  only  other  conducting 
path  available,  namely  the  liquid.  Hence,  when  the 
plates  are  joined  by  a wire  it  follows  that  positive 
electricity  flows  from  the  immersed  zinc  end  through  the 
fluid  to  the  copper  in  the  fluid.  Positive  electricity 
flows,  then,  in  the  cell  from  zinc  to  copper,  outside 
it  from  copper  to  zinc.  Before  the  partially  immersed  plates  are  connected  by  a 
wire,  on  being  tested  by  an  electrometer  they  are  found  to  have  a difference  of 
potential,  the  free  end  of  the  copper  having  a higher  potential  than  the  free  end 
of  the  zinc.  Hence  we  speak  of  the  current  that  is  set  up  when  the  connection 
is  made  as  having  a direction  in  the  connecting  wire  from  the  copper  to  the 
zinc.  The  strength  of  the  current  may  be  estimated  by  means  of  any  one  of  the 
effects  already  described. 


Fig.  76. — The  Galvanic 
Cell. 


An  instrument  for  measuring  the  strength  of  the  current  by  means  of  its 
action  on  a magnetic  needle  is  called  a galvanometer. 

An  instrument  for  measuring  the  strength  of  the  current  by  means  of  the 
chemical  adtion  it  sets  up  is  called  a voltameter. 

An  instrument  for  measuring  the  difference  of  potential  between  any  two 
parts  of  the  circuit  is,  as  we  have  already  seen,  an  electrometer. 

Instruments  on  the  same  principle  as  a galvanometer,  but  intended  simply 
to  indicate  the  direction  of  the  current  without  measuring  its  strength,  are 
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sometimes  called  galvanoscopes,  just  as  the  instruments  for  revealing  the  nature  of 
a statical  charge  without  measuring  it  are  called  electroscopes. 

Theories  regarding  the  Generation  of  Electricity. — When  we  ask 
for  the  cause  of  these  phenomena,  we  find  that  two  explanations  or  theories  have 
prevailed.  According  to  the  one  longest  maintained,  the  generation  of  electricity 
is  to  be  explained  by  the  mere  contact  of  bodies  with  each  other ; according 
to  the  other,  chemical  processes  are  the  cause  of  the  electrical  current.  The 
former  is  called  the  contact  theory,  the  latter  the  chemical  theory. 

The  Contact  Theory.— The  contact  theory  was  established  by  Volta’s 
fundamental  experiment,  and  led  to  the  scientific  war  that  raged  towards  the 
latter  end  of  the  eighteenth  century  between  Volta  and  Galvani  and  their  followers. 
Galvani  attributed  the  motions  of  the  frog’s  leg  to  animal  electricity ; Volta, 
on  the  contrary,  to  metallic  electricity  ; that  is,  to  electricity  generated  by  contact 
of  two  metals.  According  to  this  idea,  the  frog’s  leg  is  but  a sensitive  electro- 
scope. Volta’s  so-called  fundamental  experiment  may  be  made  in  the  following 
manner  : Two  metal  discs,  one  of  copper,  the  other  of  zinc,  perfectly  smooth  on 
their  surfaces,  are  insulated  by  means  of  glass  handles.  The  copper  and  the 
zinc  are  placed  in  contact,  and  then  separated  by  means  of  the  handles.  It  is 
then  found  that  the  two  plates  possess  opposite  charges ; when  tested,  the 
zinc  appears  positively  electrified,  the  copper  negatively.  The  copper  be- 
comes negatively  electrified  when  touched  with  a tin  or  iron  plate,  but  be- 
comes positively  electrified  when  touched  with  silver  or  platinum.  It  has  been 
found  that  whatever  metals  are  brought  into  contact  with  each  other,  they  show, 
when  separated,  opposite  electrifications ; during  the  contact,  then,  a force  must 
be  called  into  play  which  causes  positive  electricity  to  pass  over  from  one  metal 
to  the  other.  The  force  which  causes  this  motion  or  current  is  called  electro- 
motive force,  to  produce  which  the  metals  must  be  dissimilar.  The  cause  of  the 
electromotive  force,  Helmholtz  thinks,  is  to  be  sought  in  the  difference  of  the 
force  of  attraction  each  metal  possesses  for  electricity.  The  matter  of  the  metal 
attracts  the  two  electricities,  and  this  attraction  differs  in  strength  according  to 
the  kind  of  electricity.  Electro-motive  force  acts  in  the  same  manner  as  mole- 
cular forces  act,  that  is,  at  immeasurable  small  distances,  whilst  the  electricities 
influence  each  other  from  finite  distances.  The  following  example  will  show  how 
•on  the  two-fluid  theory,  it  is  attempted  to  explain  why  the  two  electricities 
may  be  separated  by  the  differing  force  of  attraction  of  different  metals. 
Let  us  assume  that  negative  electricity  is  attracted  more  strongly  by  copper, 
positive  electricity  more  strongly  by  zinc.  As  long  as  the  two  plates 
do  not  touch,  the  force  of  attraction  is  not  called  upon  to  act,  as  the 
two  electricities  are  equally  distributed  over  the  plates.  As  soon  as  the 
metals  touch  each  other,  however,  on  account  of  the  different  foi'ce  of  attraction 
of  the  two  metals  the  equilibrium  between  the  electricities  will  be  disturbed. 
.-Vs  the  forces  of  attraction  are  only  capable  of  influencing  the  electricity 
at  very  short  distances,  the  electrical  equilibrium  will  only  be  disturbed  where 
the  copper  and  zinc  actually  touch.  At  the  place  of  contact  two  different  forces 
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are  called  into  action,  viz.,  the  force  of  attraction  between  the  two  opposite 
electricities,  and  the  different  forces  of  attraction  of  the  two  metals;  and 
electrical  equilibrium  is  only  possible  when  the  resultants  of  these  two  forces 
are  equal  to  each  other. 

Let  us  first  consider  what  takes  place  on  the  zinc  plate.  Equal  quantities  of 
positive  and  negative  electricity  are  supposed  to  be  equally  distributed  over  it ; 
in  other  words,  the  plate  is  unelectrified.  Now  we  allow  the  copper  to  touch 
the  zinc.  The  negative  electricity  is  attracted  by  the  positive  electricity; 
and  it  is  also  attracted  by  the  zinc  and  copper  plates,  but  less  strongly  by  the 
former  than  by  the  latter.  It  follows  that  negative  electricity  must  flow  from 


77- — Different  Potential  in  two  Metals. 


the  zinc  plate  to  the  copper  plate  if  equilibrium  is  to  be  restored.  Again,  the 
two  electricities  of  the  copper  plate  were  also  in  equilibrium  before  contact. 
After  contact,  in  consequence  of  the  stronger  force  of  attraction  of  the  zinc  plate 
for  positive  electricity,  a portion  of  it  must  flow  over  to  the  zinc  plate  ; therefore 
the  result  of  the  contact  of  the  two  metals  is  a flowing  over  of  positive  elec- 
tricity from  the  copper  to  the  zinc,  and  a flowing  over  of  negative  electricity 
from  zinc  to  copper.  Here,  then,  is  a galvanic  current  of  short  duration,  which 
ceases  as  soon  as  equilibrium  between  the  forces  is  restored.  When  the  two 
plates  are  separated,  it  is  evident  that  the  copper  plate  will  have  a negative  and 
the  zinc  plate  a positive  electrical  charge.  In  other  words,  the  plates  have  a 
difference  of  potential.  To  prove  that  it  really  is  so.  Sir  W.  Thomson  has 
devised  the  following  experiment  with  an  apparatus  on  the  principle  of  his 
electrometer  (Fig.  77).  The  aluminium  strip  a,  which  we  will  call  the  needle, 
is  suspended  from  a flexible  wire  in  connection  with  a Leyden  jar  k.  Under 
the  needle  two  plates  (one  of  copper,  the  other  of  zinc)  are  arranged  hori- 
zontally so  that  there  is  a small  distance  between  the  two,  this  space  being 
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parallel  with  the  needle  when  in  its  normal  position.  When  the  jar  is  highly 
charged  the  needle  will  have  a high  potential,  and  influence  the  two  plates 
For  instance,  if  a is  positively  electrified,  the  induced  negative  electricity  will 
come  to  the  surface  of  the  two  plates.  On  account  of  the  symmetrical 
position  which  a has  relatively  to  the  two  plates,  they  will  have  the  same 
potential,  and  attract  a equally,  consequently  a will  remain  exactly  midway 
between  the  plates.  If  now  we  connect  the  copper  plate  with  the  zinc  plate 
by  means  of  a wire  d,  the  different  forces  of  attraction  of  the  two  metals  will 
come  into  action.  As  we  have  explained,  negative  electricity  flows  from  the 
zinc  plate  to  the  copper  plate,  and  positive  electricity  flows  from  the  copper 
plate  through  the  wire  d to  the  zinc  plate.  The  result  obtained  by  connecting 
the  two  plates  will  therefore  be  that  the  copper  plate  becomes  more  strongly 
electrified  negatively,  and  more  weakly  positively,  than  the  zinc  plate.  The 
zinc  will  have  the  more  + electricity,  the  copper  the  more  - electricity,  and 
the  difference  will  influence  the  position  of  a.  The  aluminium  needle,  being 
positively  electrified,  will  be  attracted  most  by  the  copper  and  repelled  most  by 
the  zinc  plate.  The  needle,  therefore,  leaves  its  position,  and  moves  towards 
the  copper  plate. 

It  may  be  useful  to  point  out,  that  although  in  the  contact  series  the  copper 
is  negative  in  relation  to  the  zinc,  and  the  zinc  positive  in  relation  to  the  copper, 
yet  in  the  galvanic  cell  represented  in  Fig  76,  we  call  the  copper  the  positive 
pole  and  the  zinc  the  negative  pole.  The  reason  for  this  will  be  seen  by 
breaking  the  copper  wire  joining  the  two  plates.  The  origin  of  the  difference  of 
potential  will  be  at  the  junction  of  the  piece  of  wire  left  in  the  zinc.  This  wire 
will  have  negative  electricity,  while  the  zinc,  the  copper,  and  the  copper  wire  on 
the  right  will  have  positive.  Hence,  positive  electricity,  according  to  the  contact 
theory,  will  flow  from  the  zinc  through  the  liquid  to  the  copper,  and  from  the 
copper  through  the  wire  to  the  zinc. 

The  Chemical  Theory. — A short  time  after  Volta’s  experiments  had 
become  known,  another  explanation  of  the  production  of  galvanic  electricity 
was  brought  forward.  .According  to  this  mode  of  explanation  the  galvanic 
electric  current  is  produced  by  chemical  action.  Both  the  chemical  and  contact 
theory  found  disciples,  and  even  at  the  present  time  both  are  maintained. 
Advocates  of  the  contact  theory  were  Volta,  Teclet,  Gassiot,  Thomson,  Hankel, 

o Irausch,  and  others,  whilst  Faraday  and  De  la  B.ive  maintained  the- 
chemical  theory. 

When  a piece  of  zinc  and  a piece  of  copper  are  immersed  in  diluted  sul- 
phuric acid  and  connected  by  a wire,  we  soon  observe  gas  bubbles  rising  at  the 
copper  plate,  and  the  zinc  loses  in  weight.  The  liquid  itself  no  longer- 
consists  of  diluted  sulphuric  acid  alone,  but  contains  zinc  sulphate.  The 
c emical  energy  of  the  zinc  and  sulphuric  acid  is  lost.  They  cannot  be  again 
separated  unless  energy  be  expended  for  the  purpose;  hence,  their  potential 
energy  of  separation  has  disappeared.  But  as  we  can  neither  destroy  nor  create 
energy,  this  chemical  energy  must  appear  in  some  other  form.  Here  it  appears 
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in  part  in  the  form  of  heat,  for  the  liquid  during  the  formation  of  sulphate  of 
zinc  becomes  warm.  If  the  electrical  properties  of  the  metal  and  the  liquid 
be  examined,  we  find  them  oppositely  electrified.  This  condition,  too,  is  to- 
be  set  down  as  one  of  the  consequences  of  the  energy  changes  which  take  place. 
This  explanation  of  the  generation  of  the  galvanic  current  in  no  way  contradicts 
the  law  of  the  conservation  of  energy,  and  this  is  what  the  followers  of  the 
chemical  theory  object  to  in  the  contact  theory.  They  say,  by  the  mere 
contact  of  two  metals  no  work  is  done.  The  energy  of  the  electrical  current, 
would  be  generated  out  of  nothing,  which  is  impossible.  Whenever  a galvanic 
current  is  generated  by  immersing  different  metals  in  a fluid,  we  cannot  help 
noticing  such  chemical  processes,  which  seem  to  favour  the  chemical  theory. 
But  how  are  we  to  make  Volta’s  fundamental  experiment  agree  with  the 
chemical  theory?  We  must  not  overlook  the  facts  that  the  most  sensitive 
apparatus  has  to  be  employed  if  the  experiment  is  at  all  to  succeed ; that  at  the 
surface  of  every  body  gases  condense,  and  that  this  layer  or  coating  of  gas  is 
exceedingly  difficult  to  remove.  It  has  been  remarked  that  the  difference  of 
potentials  between  a metal  and  the  air  that  surrounds  it  is  proportional  to  the 
tendency  of  the  metal  to  become  oxidised  by  the  air.  The  followers  of  the 
chemical  theory,  therefore,  say,  Volta’s  fundamental  experiment  has  nothing  to 
do  with  two  metals  in  contact,  but  two  metals  separated  from  each  other  by 
a layer  of  moisture  or  of  gas.  This  layer,  although  only  very  thin,  is  sufficient 
to  start  a chemical  action,  and  the  thinness  of  it  accounts  for  the  scanty  amount 
of  electricity  generated  by  this  experiment.  . The  theory  that  chemical  action  is 
the  cause  of  the  generation  of  electricity  seems  to  find  the  more  confirmation 
when  we  take  into  consideration  that  greater  quantities  of  electricity  are 
generated  by  contact  of  metals  with  fluids.* 

It  is  possible  that  up  to  a certain  point  both  parties  are  in  the  right.  The 
process  may  take  place  in  such  a manner  that  whenever  the  metals  are  brought 
to  touch  each  other  their  electrical  potentials  are  changed ; that  is  to  say,  a 
distinct  statical  condition  is  produced,  whereby  no  kind  of  motion  is  required, 
and  the  work  necessary  to  bring  the  two  bodies  into  contact  with  each  other  is 
sufficient  to  produce  this  statical  condition.  This  explanation  would  not  stand 
in  opposition  to  the  law  of  conservation  of  energy.  The  difference  of 
electrical  potential  in  the  bodies  becomes  then  the  cause  of  a chemical  process 
which  is  continuous.  In  this  manner  a lasting  galvanic  current  may  be  produced. 
Cause  and  effect  now  strengthen  each  other,  just  as  during  combustion  tempera- 
ture is  increased  by  oxidation,  and  the  high  temperature  facilitates  oxidation. 

* The  chemical  explanation  of  Volta’s  fundamental  experiment  found  a warm  advocate  in  Frani 
Exner,  in  Vienna.  Numerous  experiments  led  him  to  believe  that  the  generation  of  electricity 
by  contact  of  two  metals  is  due  to  the  surface  oxidation  of  the  metals.  During  this  chemical 
process  the  metal  becomes  negatively,  the  oxide  layer  positively,  charged,  and  the  latter,  being  an 
insulator,  retains  its  electricity.  If  now  the  • oxidised  plate  is  touched  with  a clean  metallic  plate, 
the  positive  electricity  of  the  oxide  layer  induces  electricity  on  the  clean  metal  plate.  Volta’s 
fundamental  experiment,  according  to  this  explanation,  would  have  to  be  considered  an  induction 
phenomenon. 
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Motion  of  electricity  (that  is,  the  galvanic  current)  is  due,  then,  to  a chemical 
process,  but  the  original  generation  of  the  difference  of  electrical  potential 
initiative  of  the  chemical  process  is  due  to  the  contact  of  metals. 

Volta’s  Contact  Law. — When  metals  differing  from  each  other  are 
brought  into  contact,  we  obtain  different  results  both  as  to  the  kind  of  electricity 
generated,  as  well  as  the  difference  of  potentials.  Volta  found  that  iron,  when 
in  contact  with  zinc,  becomes  negatively  electrified ; the  same  takes  place,  but 
somewhat  weaker,  when  iron  is  touched  with  lead  or.  tin.  When,  however,  iron 
is  touched  by  copper  or  silver,  it  becomes  positively  electrified.  Volta,  Seebeck, 
Pfaff,  and  others,  have  investigated  the  behaviour  of  many  metals  and  alloys 
when  in  contact  with  each  other.  The  following  lists  are  so  arranged  that 
those  metals  first  on  the  list  become  positively  electrified  when  touched  by  any 
taking  rank  after  them  : 


According  to  VoHa^ 

According  to  Pfafi  ( 

Zinc 

+ zinc 

lead 

cadmium 

tin 

tin 

iron 

lead 

copper 

i tungsten 

.silver 

iron 

gold 

bismuth 

graphite 

antimony 

— manganese  ore. 

copper 

silver 

gold 

uranium 
tellurium 
platinum 
— palladium. 

Volta  laid  down  the  following  law  regarding  the  position  of  the  metals  in  his 
table.  The  electrical  difference  of  two  metals  in  the  table  is  equal  to  the 
sum  of  electrical  differences  of  all  intermediate  ones.  When  Volta  measured 
the  different  electrical  differences  between  the  respective  metals,  he  found  : 


Between 

zinc  and 

lead 

<>  Difference  Value. 

.....  ...  5 

...  ■ ...  I 

»> 

lead  ,, 

tin 

. • 

» » 

tin  ,, 

iron 

, , . 

3 

iron  ,, 

copper  ... 

2 

copper „ 

silver 

I 

zinc  „ 

silver 

12  (=5  + 1-1- 3 + 2 + 1 

zinc  ,, 

iron 

... 

9 (=5  + 1+3) 

lead  ,, 

copper  ... 

... 

...  ...  6 (=1+3+2) 

The  difference  value  between  zinc  and  silver  is  equal  to  the  sum  of  the  differ- 
ence values  between  zinc  and  lead,  lead  and  tin,  tin  and  iron,  iron  and  copper, 
copper  and  silver.  The  correctness  of  this  law  has  been  confirmed  by  Kohl- 
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rausch  with  the  help  of  his  condenser.  Kohlrausch  took  the  difference  of 
potential  produced  by  contact  between  copper  and  zinc  to  be  loo,  and  obtained 
for  the  rest  of  the  metals  the  following  values  : 


A determintd  experimentally.  B theoretically. 


Between  zinc  and  copper 

...  100 

,,  zinc 

gold 

...  1127 

„ zinc 

,,  silver 

...  105-6 

„ zinc 

„ iron  ... 

...  747 

,,  iron 

,,  copper 

...  31 ‘9  ... 

• •• 

...  25-3 

,,  iron 

j,  platinum 

...  32’3  ... 

• »« 

...  32-3 

,,  iron 

..  gold 

...  397  ... 

...  38 

,,  iron 

,,  silver 

29-8  ... 

• •• 

...  30 ‘9 

The  values  given  as  theoretical  are  based  on  the  contact  law.  This  law 
has  been  further  investigated  experimentally  by  others,  as,  for  instance,  Hankel, 
and  proved  to  be  correct ; it  has,  however,  been  found  that  the  nature  of 
the  surface  of  the  metals  in  contact  influences  the  results  obtained.  This 
may  be  the  reason  why  the  lists  of  some  experimenters  do  not  agree  with 
those  of  others.  Volta’s  law  may  be  stated  as  follows : The  difference  oj 
potential  between  any  two  metals  is  equal  to  the  sum  of  the  differences  of  potentials 
of  all  the  intermediate  members  of  the  series  ; consequently,  it  is  immaterial  for  the 
total  effect  whether  the  first  and  the  last  are  brought  into  contact  directly, 
or  whether  the  contact  is  brought  about  by  means  of  all  or  any  of  the  inter- 
mediate metals.  We  can  easily  see  this  from  the  values  which  Volta  obtained. 
If,  for  instance,  we  bring  silver  and  zinc  to  touch  each  other,  we  obtain  the 
difference  value  1 2 ; if  now  we  place  upon  the  zinc  plate  a lead  plate,  then  tin, 
iron,  copper,  and  finally  the  silver  plate,  we  obtain  for  difference  values  5,  i,  3,  2, 
the  sum  of  which  is  12.  Volta’s  law  further  asserts  that  when  any  number  of 
metals  are  brought  into  contact  with  each  other,  but  so  that  the  chain  closes 
with  the  metal  with  which  it  was  begun,  the  total  difference  must  be  nought 
We  obtain  for  zinc,  lead,  tin,  iron,  and  finally  for  zinc  the  following  values : 


For  zinc  and  lead  -|-  5 
„ lead  and  tin  + i 
„ tin  and  iron  -f  3 
,,  iron  and  zinc  — 9. 


The  sum  for  the  values  of  the  three  first  contacts  is  equal  to+  9,  the  last  value 
is  - 9.*  Hence  the  whole  sum  is  nought. 

Experiments  have  further  proved  that  the  time  of  contact  does  not  influence 
the  difference  value,  which  is  easily  explained,  since  by  the  contact  only  a 
statical  condition  is  effected.  The  action  is  similar  to  the  induction  between 
conductors,  which  takes  place  instantaneously,  and  does  not  change,  no  matter 
how  long  the  influenced  and  the  influencing  body  are  left  together.  The 


• The  signs  4-  or  — depend,  of  course,  upon  the  order  of  the  metals  in  contact 
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difference  values  are  not  changed  when  the  points  of  contact  between  the  two 
plates  are  changed ; therefore  it  is  not  at  all  necessary  that  the  plates  should 
actually  touch  each  other ; it  is  sufficient  to  connect  them  with  each  other  by 
means  of  a conducting  wire,  which  may  be  of  any  metal. 

Numerous  experiments  have  shown  that  all  metals  become  negatively  elec- 
trified when  in  contact  with  alkaline  liquids  ; but  in  contact  with  acids  different 
metals  behave  differently.  Gold,  platinum,  and  silver  become  positively  electrified 
when  immersed  in  either  H2SO4,  HNO3,  or  HCl.  Zinc,  however,  when  im- 
mersed in  these  acids,  becomes  negatively  electrified.  As  we  cannot  range 
metals  and  liquids  in  one  list,  owing  to  their  different  behaviour  with  different 
acids,  we  arrange  them  therefore  in  two  classes,  viz.,  conductors  of  the  first  and 
conductors  of  the  second  class.  Conductors  of  the  first  class  are  all  those  bodies 
which  can  be  classified  among  the  lists  already  given.  Conductors  of  the 
second  class  are  all  those  bodies  that,  although  capable  of  conducting  electricity, 
cannot  be  ranged  in  the  lists  given.  The  following  table  shows  the  values 
Teclet  obtained  when  bringing  metals  into  contact  with  liquids  : 


H2SO4  diluted. 

HNO3  diluted. 

Potash. 

Potassium  Sulphate. 

Zinc 

- 27 

- 26 

- 30 

- 30 

Lead 

• •• 

- 14 

- 13 

- 24 

- 17 

Iron 

• •• 

- 13 

- 8 

- 19 

- 17 

Copper  ... 

• •• 

— 2 

nil 

— n 

— 22 

Platinum ... 

-h  6 

+ 4 

- 5 

- 17 

This  table  shows  that  the  metals  highest  in  the  list  become  electrified  strongest, 
and  negatively.  The  following  values  are  obtained  when  metals  were  brought 
into  contact  with  water,  by  Gerland,  taking  for  copper  with  zinc,  1 00  : 


Zinc 

• •• 

• •• 

««. 

61 -6 

Copper  .. 

• •• 

• •• 

33 ‘o 

Gold 

• •• 

• •• 

... 

337 

Silver 

• •• 

... 

170 

Platinum... 

... 

... 

... 

447 

The  fact  that  liquids  cannot  be  arranged  in  the  list  has  nnportant  consequences, 
which  enables  us  to  obtain  an  electric  current  in  a closed  circuit,  which,  as  we 
know,  is  impossible  to  obtain  from  conductors  belonging  to  the  first  class  ; as  the 
series  commencing  and  ending  with  the  same  metal  has  a difference  value  of  o. 
To  see  this  more  clearly,  we  have  grouped  the  conductors  given  in  the  list  in 
a circle,  represented  in  Fig.  78.  We  notice  that  every  member  may  be  con- 
sidered as  beginning  and  ending  the  series,  and  the  circuit  therefore  is  closed. 
If,  however,  such  a closed  circuit  consists  of  conductors  belonging  to  the  first 
and  second  classes,  as  shown  in  Fig.  79,  the  result  will  be  a different  one. 
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As  already  stated,  the  difference  values  are  as  follows  : 

Copper  and  water  — 33’o 
Water  and  zinc 
Zinc  and  silver 
Silver  and  iron  — 29  8 
Iron  and  gold 
Gold  and  copper  — 12 "7 

- 75-5 

which  gives  for  the  total  difference  + 1 3 1 '4 ; showing  that  for  a perfectly  closed 
circle  consisting  of  conductors  belonging  to  the  first  and  second  class,  the  total 


-f  61 -6 
-t-  105-6 

-b  397 
+ 206 -9 


Fig.  78. — Closed  Circuit  of  Metals. 


Fig.  79. — Closed  Circuit  including  a Liquid. 


difference  value  will  not  be  o.  From  this  behaviour  a further  deduction  can 
be  drawn  which  is  important  as  regards  the  proper  understanding  of  the  be- 
haviour of  galvanic  elements.  In  our  illustration  (Fig.  79)  only  the  two  metals 
copper  and  zinc  are  in  connection  with  water ; the  other  metals  are  in  contact 
with  each  other ; but  for  this  series  of  metals  the  law  enunciated  already  holds 
good — that  is,  it  is  immaterial  whether  we  take  zinc,  silver,  iron,  gold,  and 
copper,  and  let  them  touch  each  other,  or  whether  we  make  contact  with 
zinc  and  copper  only.  According  to  this  we  have  then  in  our  circle  the  follow-  ' 
ing  values  : 

Copper  and  water  — 33-0 

Water  and  zinc  -t-  6 1 '6 

Zinc  and  copper  -h  lOO  ^ 

-33-0  -1-  i6i-6 

which  gives  us  a total  of  128-6.  If  we  compare  this  with  the  result  obtained  [ 

in  the  difficult  task  of  determining  the  number  given  in  the  table,  namely,  13 1 ’4,  1 
the  two  agree  so  nearly  that  we  may  account  for  the  difference  by  allowing  for  } 
inaccuracies  in  observations,  etc.  These  and  similar  experiments  enable  us,  ' 
then,  to  lay  down  the  law,  that  when  two  different  metals  are  immersed  in  a 
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liquid  and  connected  with  a series  of  different  metals  forming  a closed  circuit, 
the  difference  value  of  this  circuit  only  depends  upon  the  two  metals  immersed, 
and  upon  the  fluid.  The  same  difference  value  is  then  obtained,  no  matter 
what  or  how  many  metals  we  employ  to  form  the  outer  circuit.  The  difference 
value  only  depends  upon  the  nature  of  the  immersed  metals  and  upon  the  liquid. 

We  can  now  explain  why  the  results  obtained  immediately  after  dipping  the 
metals  into  liquid  do  not  agree  with  results  taken  after  the  metals  have  been 
for  some  time  in  the  liquid.  In  the  latter  case  the  liquids  have  already 
chemically  influenced  the  metal.  For  metals  when  fivst  immersed  in  fluids, 
Wiillner  constructed  the  following  table  : 


ORDER  OF  METALS  IN  DIFFERENT  LIQUIDS. 


WATER. 

DILUTED  H2SO4. 

diluted  HNO3. 

CONCENTRATED  HNO3 

POTASSIUM  CYANIDE. 

Zinc. 

Zinc. 

Zinc. 

Cadmium. 

Amalgamated  zinc. 

Lead. 

Cadmium. 

Cadmium. 

Zinc. 

Zinc. 

Tin. 

Iron. 

Lead. 

Lead. 

Copper. 

Iron. 

Tin. 

Tin. 

Tin. 

Cadmium. 

Antimony. 

Lead. 

Iron. 

Iron. 

Tin. 

Bi.smath. 

Aluminium. 

Nickel. 

Bismuth. 

Silver. 

Copper. 

Nickel. 

Bisrhuth. 

Copper. 

Nickel. 

Silver. 

Antimony. 

Antimony. 

Antimony. 

Antimony. 

Gold. 

Bismuth. 

Copper. 

Silver. 

Lead. 

Copper.  . 

Silver. 

Platinum. 

Silver. 

Nickel. 

Mercury. 

Palladium. 

Bismuth. 

Iron. 

Platinum. 

Cast-iron. 

Carbon. 

Nobili  was  the  first  who  showed  that 
when  two  liquids  are  in  contact  they-  pro- 
duce a difference  of  potential  or  e.  m.  f.  ; 
but  Fechner,  Wild,  and  others  investigated 
the  subject  more  thoroughly.  Wild  made  use 
of  a little  wooden  box  for  his  experiments, 
shown  in  Fig.  80  two  glass  tubes,  b d,  were 
attached  to  the  bottom  of  the  box ; the  glass 
tubes  terminated  in  copper  caps,  which  were 
in  connection  with  the  galvanometer.  Before 
each  experiment  the  copper  bottoms  of  the 
glass  tubes  had  to  be  carefully  examined,  to 
see  whether  they  would  not  generate  a cur- 
rent when  in  contact  with  any  one  fluid,  that 
is,  whether  they  were  perfectly  homogeneous  ■, 
then  liquid  was  introduced ; after  that, 
liquid  Care  was  taken  not  to  mix 


Fig.  So. —Production  of  an  E.  M.  f. 
oy  Liquids  in  Contact. 
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with/g.  Finally,  liquid  /g  was  introduced  under  the  same  precautions.  With  this 
arrangement  a marked  difference  of  potential  was  easily  shown  by  a galvano- 
meter placed  in  the  circuit  between  the  two  copper  caps  or  terminals. 

Grove’s  Gas  Battery. — Electrical  differences  are  further  observed  when 
metals  are  brought  into  contact  with  gases ; this  was  properly  investigated  first 
by  Grove  (1839).  The  apparatus  he  used  for  the.  purpose  is  shown  in  Fig.  81. 
The  glass  tubes  o h are  open  at  the  lower  ends,  and  have  platinum  wires  fused 
into  the  upper  ends.  These  platinum  wires  terminate  on  the  outside  with 
platinum  cups,  and  on  the  inside  with  platinum 
strips,  coated  with  spongy  platinum.  The  bottle 
and  its  tubes  are  filled  with  water  slightly  acidu- 
lated with  sulphuric  acid.  Mercury  is  placed  in 
the  little  platinum  cups,  and  the  wires  from  a 
galvanometer  are  dipped  into  it.  Oxygen  and 
hydrogen  are  now  forced  into  the  tubes  so  as  to 
depress  the  level  of  the  w^ater  until  the  tubes 
are  full  of  gas.  The  needle  of  the  galvanometer 
shows  at  once  a deflection,  indicg.ting  that  a 
current  flows  from  the  hydrogen  tube  to  the 
oxygen  tube;  at  the  same  time  a rising  of  the 
water  level  in  the  two  tubes  is  observed : the 
water  in  tube  h rises  twice  as  quickly  as  that  in 
the  tube  o. 

If  we  first  arrange  a battery  of  cells  in  the 
circuit  in  such  a way  that  we  can  exclude  the 
battery  when  we  choose,  but  leave  the  circuit 
completed  with  the  galvanometer  included,  then, 
starting  with  both  tubes  full  of  water,  on  making 
contact,  the  current  will  decompose  the  water, 
and  at  the  same  time  deflect  the  needle.  When  the  tubes  become  full  of  the 
gases  we  cut  out  the  battery,  and  the  needle  of  the  galvanometer  is  at  once 
deflected  in  the  other  direction,  showing  that  the  current  produced  by  the 
gases  is  opposite  to  that  which  liberates  them.  The  two  tubes  being  perfectly 
similar  in  all  respects  to  each  other,  the  gases  only  can  be  the  cause  of  the 
current.  This  latter  form  of  the  experiment  is  important,  as  being  the  first 
recorded  example  of  the  storing-up  of  electrolytic  energy  for  subsequent  use,  in 
the  production  of  a reversed  current.  This  principle  has  recently  become  of 
considerable  practical  importance,  and  has  been  more  successfully  applied  in 
several  forms,  which  will  be  described  in  the  second  portion  of  this  work. 

The  rise  of  the  liquid  in  the  two  tubes  is  due  to  the  union  of  the  gases, 
which  is  brought  about  as  follows The  effect  of  the  current  is  to  de- 
compose water,  and  to  cause  the  O to  separate  out  in  the  tube  filled  with  H, 
the  hydrogen  in  the  tube  filled  with  O.  It  is  a characteristic  quality  of  spongy 
platinum  that  it  is  capable  of  absorbing  gases,  and  bringing  them  so  near  each 
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other  at  its  surface  as  to  cause;  chemical  combination.  In  consequence  of  this 
effect  of  spongy  platinum,  H and  O in  the  same  tube  unite  and  form  water,  two 
volumes  of  H combining  with  one  volume  of  O.  The  liquid  in  the  tube  filled 
with  H will  therefore  rise  twice  as  quickly  as  in  the  tube  filled  with  O.  Now 
we  may  account  for  the  phenomenon  on  the  contact  theory  by  supposing  the 
diftereuce  of  potential  to  be  produced  at  the  contact  of  H with  platinum.  That 
is  to  say,  by  regarding  H and  Ft.  as  dissimilar  metals.  H by  being  in  contact 
with  the  platinum  plate  becomes  positively  electrified,  whilst  the  plate  receives 
negative  electricity.  How  is  the  platinum  plate  affected  by  the  O?  To  answer 
this  let  us  experiment  without  O.  One  of  the  glass  tubes  is  filled  with  H whilst 
the  other  contains  water.  If  now  the  wires  be  attached  to  the  galvanometer, 
the  needle  shows  almost  the  same  deflection  as  in  the  first  experiment ; by-and- 
by,  however,  the  deflection  diminishes.  The  current,  then,  is  due  to  the  H 
alone  in  contact  with  the  platinum  plate,  for  if  on  contact  O and  Ft.  pro- 
duced any  e.  m.  f.,  the  first  deflection  of  the  needle,  when  the  O was  left  out, 
ought  to  have  been  less.  The  diminution  of  the  needle’s  deflections,  after  a 
little  time,  is  due  again  to  the  decomposition  of  the  water  by  the  current ; more 
O is  given  off  in  the  hydrogen  tube,  H is  given  off  in  the  tube  filled  with 
water.  Consequently  the  platinum  plate  in  the  water  tube  will  be  surrounded 
more  and  more  by  H,  whilst  the  other  tube  has  its  quantity  of  H diminished. 
Hence  both  platinum  plates  are  after  some  time  in  contact  with  the  same 
gas,  and  the  electrical  difference  must  come  to  an  end.  The  reversal  of 
this  experiment  also  shows  that  platinum  in  contact  with  O has  almost  no 
electrical  effect  whatever.  Oxygen  is  brought  into  one  of  the  tubes,  whilst  the 
other  is  left  filled  with  water.  The  deflection  of  the  needle  will  hardly  be 
perceptible  now,  the  very  small  deflection,  however,  indicating  that  oxygen 
in  contact  with  platinum  electrifies  the  latter  negatively,  but  only  very 
slightly. 

A great  number  of  gases  and  vapours  were  examined  by  Grove,  and  he  found 
that  gases  can  be  arranged  with  the  metals  in  a series,  graduated  according  to 
the  difference  of  potential  or  e.  m.  f.  they  will  produce.  When,  as  with  metals, 
we  commence  with  electropositive  substances  first,  we  get  the  following  table : 


1 Metals  which  decompose 

water. 

2 Hydrogen. 

3 Carbonic  oxide. 

4 Phosphorus. 

5 Sulphur. 

6 Alcohol. 


7 Ether. 

8 Olefiant  gas. 

9 Ethereal  oils. 

10  Camphor. 

1 1 Metals  which  do  not 

decompose  water 

12  Nitrogen. 


13  Carbonic  acid. 

14  Nitric  acid. 

15  Oxygen. 

16  Peroxides. 

17  Iodine. 

18  Bromine. 

19  Chlorine. 


If  we  take  one  of  the  metals  that  does  not  decompose  water,  and  bring  it  into 
contact  with  a gas  lower  down  in  the  list,  the  metal  becomes  positively  electrified, 
the  electrification  being  the  stronger  the  farther  gas  and  metal  stand  from  each 
other  in  the  series. 

E» 


io6 


Electricity  in  the  Service  of  Man. 


GALVANIC  BATTERIES. 


By  a galvanic  battery  is  understood  the  connection  of  several  galvanic 
cells.  These  are  of  many  forms,  some  of  the  principal  of  which  are  figured  in 
the  following  pages ; and  the  separate  cells  may  be  connected  in  various  ways, 
as  is  also  hereafter  explained  (see  Figs.  loi — 104).  The  cells  of  a battery  are, 
however,  most  usually  connected  in  the  manner  shown  in  Fig.  82,  which  repre- 
sents a series  of  the  simple  original  galvanic  cell  shown  in  Fig.  76.  Here  the 
zinc  of  the  first  and  the  copper  of  the  last  only  are  free.  The  zinc  plate,  as 
has  been  mentioned  already,  becomes  electrified  at  its  free  end  when  immersed 
in  diluted  H2SO4,  and  forces  the  positive  electricity  into  the  free  copper  end ; 
this  happens  throughout  in  every  element ; the  elements  being  connected  with 
each  other,  the  process  is  as  follows.  The  positive  electricity  from  the  first  zinc 
passes  through  the  first  liquid  to  the  copper  of  the  first  cell  and  the  zinc  plate 
of  the  second  cell,  which  is  in  electrical  connection  with  the  copper  of  the  first. 


Fig.  82. — A Galvanic  Battery. 


The  zinc  plate  of  tb.e  second  cell  has  now  its  own  amount  of  -f  electricity,  and 
the  -f-  electricity  from  cell  i.  Cell  2 now  sends  its  whole  amount  of  + elec- 
tricity to  cell  3,  and  so  on.  The  amount  of  positive  electricity  sent  forward 
increases  with  the  number  of  cells.  In  the  battery  (Fig.  82)  the  amount  of 
electricity  sent  forward  will  be  five  times  as  great  as  it  would  be  with  only  one 
cell.  Negative  electricity  simultaneously  appears  at  the  free  zinc  end  of  the 
battery.  If  we  connect  the  free  zinc  end  by  means  of  a wire  with  the  free 
copper  end,  the  circuit  is  closed,  and  a current  flows  through  the  wire  from 
copper  to  zinc ; whilst  in  the  liquid  the  current  has  the  opposite  direction. 

There  is  another  way  of  looking  at  this  action  of  a number  of  elements 
connected  in  series.  Each  produces  its  own  difference  of  potential.  But  the 
potential  of  the  zinc  and  copper  plates  that  are  connected  by  a clamp  having  no 
resistance  is  the  same.  Hence  the  total  difference  of  potential  resembles  the 
total  difference  of  level  in  a flight. of  stairs.  Each  step  adds  its  own  height 
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only,  but  each  starts  from  the  level  of  the  last.  If  a be  the  difference  of 
potential  or  E.  u.  F.  of  each  element,  then  the  first  gives  a difference  a,  the  first 
two  + the  first  three  a-\-a-\-a,  and  so  on. 

In  the  first  battery  constructed  by  Volta,  pieces  of  zinc  and  copper 
were  soldered  together.  Volta  gave  his  later  batteries  the  form  of  a pile 


Fig.  85. — Wollaston’s  Battery. 


(shown  in  Fig.  83 ),  which  consisted  of  pieces  of  flannel  or  cloth  soaked  in  dilute 
sulphuric  acid  and  laid  between  the  copper  and  zinc  plates.  The  voltaic  battery 
soon  underwent  many  alterations  ; Cruiksharik,  for  instance,  gave  it  the  form 
shown  in  Fig.  84,  and  Wollaston  the  form  shown  in  Fig.  85.  Here  we  have  the 
important  improvement  of  all  couples  being  contained  in  separate  c^ls  ad  of 
glass  or  porcelain,  to  hold  the  exciting  fluid.  In  each  cell  the  zinc  plates  z z are. 
kept  centrally  adjusted  by  wooden  slips  between  the  halves  of  a doubled  copper 
plate  bent  round  under  them  ; and  the  whole  set  of  plates,  connected  by  strips  of 
copper  m,  being  attached  to  the  wooden  frame  k,  can  at  pleasure  be  lifted  out  of 
the  fluid,  and  the  action  thus  stopped  without  emptying  the  cells.  All  these  points, 
modified  according  to  the  construction,  are  retained  in  many  of  the  batteries 
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used  at  the  present  day.  To  secure  a large  surface  to  both  plates,  Hare  placed 
large  copper  and  zinc  sheets  together,  separating  them  by  means  of  pieces  of 
wood,  and  rolling  them  into  a cylindrical  shape.  His  instrument  is  known 
under  the  name  of  Hare’s  detiagrator,  and  is  represented  in  Fig.  86. 

Dry  Piles. — Dry  piles — that  is,  batteries  where  no  fluids  were  used — 
were  first  constructed  by  Behrens  (1806),  De  Luc,  and  Zamboni.  Behrens 


Fig.  87. — Behrens’  Instrument  for  producing 
Perpetual  Motion. 


Fig.  86.  — Hare’s  Deflagrator. 


made  use  of  dry  piles  for  the  construction  of  his  perpetuum  mobile,  shown 
in  Fig.  87.  s s'  are  dry  piles,  one  with  the  negative  pole  uppermost,  the  other 
with  the  positive  pole  uppermost.  These  poles  terminate  in  the  balls  n and  p, 
between  which  there  hangs  a light  pendulum  a b,  which  is  attracted  by  one 
electrified  pole,  and  then  repelled.  The  next  pole  will  now  attract  the  pendulum 
and  then  repel  it,  and  so  on.  It  need  not  be  mentioned  that  this  “perpetual 
motion  ” in  no  way  interferes  with  the  laws  of  forces  and  energy.  The  pendulum, 
once  in  motion,  may  continue  in  motion  for  years,  but  electric  energy  is  the  motive 
cause,  and  it  will  stop  when  the  power  of  the  instrument  to  produce  this  energy 
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is  connected  with  the  earth,  while  from  the  upper  pole  ni  a wire  passes  to  the 
needle  M.  This  needle  is  slightly  magnetised,  and  has  a little  plate  at  one  of  its 
ends.  At  the  same  height  as  this  movable  plate  is  another  fixed  insulated  plate 
L.  When  the  instrument  is  brought  with  its  axis  into  the  magnetic  meridian, 
the  discs  will  touch  each  other.  If  now  the  needle  is  connected  with  the 
upper  pole  of  the  pile,  both  plates  become  similarly  electrified,  and  repel  each 
other.  The  needle  will  come  to  rest  as  soon  as  equilibrium  is  restored  between 


the  force  of  repulsion  and  the  earth’s  magnetism.  Equilibrium  is  quickly 
restored  when  the  pole  and  the  needle  are  connected  by  a conducting  substance, 
but  it  takes  some  time  when  a bad  conducting  substance  makes  the  connection. 
The  time  the  needle  requires  to  gain  its  fixed  position  measures  the  chemical 
purity  of  the  substance  under  examination.  To  enable  the  experimenter  to  insert 
substances  more  conveniently,  the  wire  of  the  pile  is  made  to  dip  into  a little 
basin  g,  which  is  in  conducting  connection  with  L.  With  the  help  of  this  instru- 
ment Rousseau  especially  examined  oils  and  fats.  Coffee  when  powdered  does 
not  conduct  electricity ; if,  however,  adulterated  with  chicory,  it  will ; the  same 
with  chocolate — if  pure  it  will  not  conduct  electricity. 

Zamboni’s  pile,  as  used  at  present  for  telescopes,  is  generally  prepared 
in  the  following  manner : ordinary  silver  paper  is  coated  on  its  back  with 
a thin  layer  of  manganese  dioxide,  mixed  with  some  such  substance  as  gum 
to  make  it  stick.  The  sheets  prepared  in  this  manner  are  cut  into  discs, 
and  are  placed  between  two  metal  plates  fastened  with  silk  threads.  To 


Fig.  88. — Rousseau’s  Diagomeier. 
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prevent  the  evaporation  of  the  moisture,  the  whole  pile  is  placed  under  a glass 
cylinder. 

Polarisation  of  Plates  in  a Single-Fluid  Battery.— The  batteries 
we  have  described  up  to  the  present— that  is  to  say,  batteries  consisting  of  two 
different  metals  and  a liquid— soon  show  a considerable  falling  off  in  the  volume 
of  current  produced  under  given  circumstances.  The  cause  of  this  is  the  decom- 
position of  the  liquid  by  the  electric  current.  Water  is  decomposed  into 
hydrogen  and  oxygen.  H is  given  off  at  the  positive  pole  (the  copper  plate), 
and  O at  the  negative  pole  (the  zinc  plate).  The  zinc  becomes  oxidised, 
and  eventually  forms  zinc  sulphate.  The  zinc  plate  then  is  constantly 
kept  clean,  but  not  so  the  copper  plate.  The  hydrogen  by  degrees  covers  the 
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Fig.  89.— Smee's  Cell. 


Fig,  90. — Smee’s  Battery. 


whole  surface  of  the  copper  plate  with  a layer  of  hydrogen  gas,  and  this  reduces 
the  available  electromotive  force,  because  hydrogen  is  less  electro-negative  than 
copper.  This  diminution  of  the  electromotive  force  is  the  cause  of  the  diminu- 
tion of  the  strength  of  the  current  given  by  the  battery.  To  prevent  this,  both 
chemical  and  mechanical  means  have  been  employed. 

Smee’s  Battery. — Smee  (1840)  ingeniously  succeeded  in  overcoming 
some  of  the  injurious  effects  of  this  polarisation  of  the  electrodes.  The  cell 
constructed  by  him  is  shown  in  Fig.  89.  In  a rectangular  glass  vessel  two  zinc 
plates  zn  are  placed,  held  together  by  a screw.  Between  the  two  zinc  plates, 
well  insulated,  is  a platinum  plate  (sometimes  silver  covered  with  platinum). 
The  vessel  itself  is  filled  with  diluted  H0SO4 ; it  is  purposely  taken  larger 
than  the  plates  require,  in  order  that  the  zinc  sulphate  which  is  forming  may 
not  come  into  contact  with  the  plates,  and  may  fall  to  the  bottom  of  the  vessel. 
Fig.  90  represents  several  cells  together,  forming  a battery. 
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Two-Fluid  Batteries. — In  two-fluid  batteries,  in  addition  to  the  ordinary 
acidulated  water  that  acts  on  the  zinc,  substances  which  easily  part  with  their  O 
are  put  into  the  battery.  This  O combines  with  the  liberated  H to  form  water. 
To  prevent  the  mixing  of  the  two  liquids,  the  one  containing  the  oxidising  body 
is  placed  in  porous  vessels,  through  which  electrolytic  actions  can  take  place. 
The  use  of  the  above  remedy  led  to  the  construction  of  so-called  constant 
batteries,  of  which  the  first  was  devised  by  Daniell,  in  1837. 

Daniell’s  Cell.— -This  in  its  original  form  is  shown  in  Fig.  91,  where 
^ is  a copper  jar  forming  the  -h  pole,  and  c a porous  cell  of  some  kind,  con- 
taining a zinc  cylinder  in  the  middle,  connected  to 
the  — pole.-  The  liquid  0 0 in  the  closed  porous 
cell  is  dilute  sulphuric  acid,  supplied  through  the 
small  funnel.  The  height  of  this  liquid  could  be 
seen  by  means  of  the  tube^,  through  which,  also 
the  superfluous  acid  could  be  drawn  off. 

It  will  be  seen,  therefore,  that  the  Daniell’s 
element  consists  of  an  inner  and  outer  cell, 
separated  by  a porous  partition ; copper  and 
zinc  being  the  metals.  The  copper  does  not 
waste,  and  may  therefore  be  used  for  the  outer 
cell,  although  this  is  not  an  essential  feature. 

The  porous  cell  may  be  made  of  unglazed 
porous  porcelain,  or  of  lighter  material,  such  as 
parchment,  or  even  of  brown  paper.  Wlien  the 
amalgamated  zinc  is  placed  in  the  inner  cell,  and 
the  copper  plate  forms  the  outer  receptacle,  the 
liquid  in  the  inner  cell  is  dilute  sulphuric  acid, 
and  that  in  the  outer  cell  is  a saturated  solution 
of  copper  sulphate  or  blue  vitriol.  It  is  de- 
sirable that  this  solution  should  be  saturated, 

that  is,  should  contain  as  much  copper  sulphate  as  it  will  dissolve,  and,  as  the 
action  decomposes  this  compound,  spare  crystals  of  the  substance  must  be 
placed  in  a cage  at  the  top  of  the  liquid.  These  will  gradually  dissolve  as  the 
liquid  becomes  impoverished.  The  action  on  closed  circuit  is  as  follows  : Zinc 
dissolves  in  the  dilute  HoSO^  forming  Zn  SO4,  and  liberating  H.  The  freed 
atoms  of  H,  however,  do  not  collect  on  the  copper,  but  are  handed  on  to  the 
porous  cell,  through  the  pores  of  which  they  pass  to  replace  copper  in  the  copper 
sulphate.  The  result  is  that  pure  copper  instead  of  hydrogen  is  deposited  on  the 
outer  plate,  which  therefore  thickens.  Hence 

in  the  inner  cell  Zn  + HoSO^ ' = Zn  SO4  + Ho ; 

in  the  outer  cell  Hg  + Cu  SO4  = H„SO^  -f  Cu. 

Fig.  92  represents  a modification  of  the  element,  having  the  copper  in  the  inner 
cell  and  the  zinc  in  the  outer  cell,  zn  is  the  zinc  cylinder  placed  in  a glass 


Fig.  91.— Daniell’s  Cell. 
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Fig.  92. — Daniell’s  Cells. 


vessel,  t is  the  porous  pot  into  which  the  copper  rod  c dips.  The  copper  carries 
a little  sieve  d,  to  hold  crystals  of  sulphate  of  copper.  Each  copper  rod  is 
connected  with  the  next  zinc  cylinder  by  means  of  the  wire  a. 

Grove’s  Cell. — A more  efficient,  though  not  more  constant  element 
than  Daniell’s,  was  first  used  in  1839  by  Sir  William  Grove,  Master  of  the  Mint. 

The  E.  M.  F.  of  a Grove’s  cell  is  i*8  that 
of  a Daniell’s.  It  also  consists  of  two 
cells,  one  within  the  other,  and  two  acids 
besides  the  two  metal  plates.  The  outer 
vessel,  in  which  the  zinc  plate  is  placed, 
is  usually  made  of  glass,  porcelain,  or  a 
non-conducting  composition.  Inside  this 
zinc  plate  comes  the  porous  pot  which 
holds  the  platinum  plate,  bent  in  the  shape 
of  an  S.  The  glass  vessel  is  filled  with 
diluted  H2SO4,  and  the  porous  pot  with 
concentrated  HNOg.  When  the  battery 
is  in  action,  water  is  decomposed  and 
the  hydrogen  reaches  the  nitric  acid 
(HNO3)  through  the  porous  pot,  and  takes  up  some  of  its  oxygen  to  form  water. 
The  nitric  acid  is  thus  reduced. 

The  chemical  change  may  be  expressed  by  one  or  other  of  the  following 
equations,  starting  with  two  molecules  of  nitric  acid  : 

2HNO3  -t-  3H2  = 4H3O  + 2NO;  or  2HNO3  + 2H3  = 2H3O  -h  zHNOg. 

In  the  second  case  the  zHNOg  breaks  up  into 

HoO  -1-  NO  -f  NOo;  i-e.,  water  + nitric  oxide  + nitric  peroxide. 

The  nitric  oxide  forms  red  fumes 
when  it  comes  into  contact  with  com- 
mon air. 

Zinc  sulphate  is  formed  in  the 
outer  vessel,  but  the  water  and  nitric 
oxides  remain  in  the  porous  vessel 
The  action  of  the  cell  remains  con- 
stant only  so  long  as  there  is  unde- 
composed nitric  acid  in  contact  with 
the  platinum  plate.  The  disadvantages 
of  this  cell  (Fig.  93)  ard  the  nitrous 
fumes  and  the  high  price  of  plati- 
num. 

Bunsen’s  Cell. — Fig.  94  re- 
presents an  older  form  of  Bunsen’s 
cell,  in  which  carbon  is  substituted 
for  Grove’s  platinum  plate.  In  this 


Fig-  93- 

A Grove’s  Cell. 


Fig.  94. 
The  riatinuin. 
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original  cell,  the  carbon  was  cut  so  as  to  fit  in  the  outer  cell ; but  the  difficulty 
of  cutting  the  carbon  has  led  to  the  transposition  of  carbon  and  zinc,  the  latter 
being  placed  in  a cylindrical  form  in  the  outer  cell,  and  the  former  being 
simply  a rod,  either  round  or  square  in  section,  placed  in  the  middle.  The 
preparation  of  the  carbon,  and  the  modifications  the  cell  has  undergone,  will 
be  treated  in  the  second  part  of  this  work,  to  which  we  must  also  refer  for 
other  forms  of  batteries. 

Thermo-Electricity.— The  first  who  pointed  out  that  a current  was 
generated  when  the  junctions  of  different  metals  were  kept  at  different  temperatures 
was  Seebeck,  and  the  apparatus  he  used 
for  the  purpose  is  shown  in  Fig.  96. 

A piece  of  copper  K,  bent  in  the  shape 
seen  in  the  figure,  was  placed  on  a block 
of  bismuth  a b,  carrying  a movable  mag- 
netic needle  ns-,  as  soon  as  the  equality 
of  temperatures  was  altered  by  either 
heating  or  cooling  one  of  the  junctions 
of  the  two  metals,  the  needle  indicated 
a current  which  continued  to  flow  as 
long  as  the  difference  of  temperature 
was  maintained  at  the  junctions.  The 
needle  indicates  the  direction  in  which 
the  current  flows.  If,  for  instance,  the 
north  end  b be  heated,  the  n pole  moves 
east,  showing  that  at  the  heated  junction 
the  current  flows  from  the  bismuth  to 
the  copper,  at  the  cold  junction  from 
the  copper  to  the  bismuth.  Not  only  will  bismuth  and  copper  generate  currents, 
but  almost  any  two  metals  will  do  the  same.  Seebeck  arranged  a table  of  metals 
in  thermo-electrical  order,  as  follows  : 


— Antimony 
Ars.enic 
Iron 
Zinc 
Silver 


Gold 

Tin 

Lead 

Copper 


Platinum 
Cobalt 
Nickel 
-p  Bismuth 


This  order  only  holds  good  for  temperatures  within  certain  limits,  and  the 
structure  of  the  metals,  etc.,  ought  to  be  taken  into  account.  Bismuth  and 
antimony,  being  farthest  from  each  other  in  the  list,  are  best  for  the  construction 
of  thermo-electric  elements.  The  power  of  any  couple  as  a rule  increases  with 
the  increase  of  difference  of  temperature  between  the  two  junctions  up  to 
certain  limits,  and  if  the  difference  of  temperature  between  be  made  still  greater, 
the  current  may  cease  altogether,  or  flow  in  an  opposite  direction  to  that  in  which 
it  flowed  when  the  difference  of  temperature  was  not  so  great.  The  limit  is 
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different  for  different  couples.  In  the  case  of  a copper-iron  pair  the  neutral 
temperature  is  280°,  and  beyond  this  temperature  there  is  an  inversion  of  the 
current. 

Thermo-electric  couples  generate  constant  currents  as  long  as  the  tempera- 
ture at  the  junctions  is  kept  constant.  The  easiest  way  to  secure  this  is  to 
place  one  of  the  junctions  in  boiling  water,  the  other  in  melting  ice.  d'he 
former  will  have  a constant  temperature  of  100°  C.,  the  latter  a constant  tem- 
perature of  o®  C.  The  electromotive  force  of  the  thermo-electric  couples  com- 
pared with  that  of  galvanic 
cells  is  very  small : for  instance, 
the  electromotive  force  of  pure 
silver  and  copper  is  about  ToVo 
of  a Daniell’s  cell  at  the  above 
temperatures.  If  we  take  this 
electromotive  force  as  unity  we 
obtain  the  following  values  : 

Silver  and  bismuth  32 ’9 

,,  ,,  German  silver...  5 '2 

,,  „ Mercury 2-5 

, , , , Lead  i 'O 

,,  ,,  Antimony  9‘S7 

,,  ,,  Tellurium  179 

,,  ,,  Selenium  290 


Fig.  96. — Seebeck’s  Thermo-Electric  Apparatus.  Alloys  may  also  be  used 

for  thermo-electric  purposes, 
but  they  do  not  follow  exactly  the  order  which  might  be  expected  from  their 
relation  to  the  metals  from  which  they  are  derived.  Seebeck  obtained  the 
following  order  for  the  principal  alloys  : 

-f 

Bismuth 
Lead 
Tin 

I bismuth,  3 tin 
I bismuth,  3 lead 
Platinum,  No.  2 

I bismuth,  i lead  1 

Gold,  No.  I 
Silver 

I bismuth,  i tin 


Zinc 

3 bismuth,  i lead 
I antimony,  i copper 
I antimony,  3 copper 
1 antimony,  3 lead,  3 antimony,  i lead 
I antimony,  3 tin,  3 antimony,  i tin 
Steel  (cast) 

Steel  (rod) 

3 bismuth,  i tin 
I bismuth,  3 antimony 
Antimony 
I antimony,  i tin 
3 antimony,  i zinc. 


The  thermo-electric  couples  can  be  united  to  form  batteries,  as  shown  in 
Fig.  ^7,  but  care  must  be  taken  that  the  even  numbers  2,  4,  come  on  one  side, 
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the  odd  numbers,  i,  3,  5,  on.  the  other  side,  so  as  to  be  convenient  for  heating 
the  one  and  cooling  the  other.  Such  a battery  is  usually  called  a thermopile. 

The  circumstance  that  the  electromotive  force  of  a thermopile  is  propor- 
tional to  moderate  differences  of  temperature, 
makes  it  a valuable  and  delicate  instrument 
for  measuring  temperature.  For  this  purpose 
the  wires  of  the  pile  are  connected  with  a very 
sensitive  galvanometer.  The  slightest  difference 
of  temperature  generates  a current ; and  the 
strength  of  this  current,  which  is  proportional 
to  the  difference  of  temperature  for  a con- 
siderable range,  is  indicated  by  the  deflection 
of  the  needle.  According  to  Melloni,  5-^g  of 
a degree  can  be  measured  with  this  instru- 
ment, a minute  difference  which,  of  course, 
cannot  be  obtained  with  any  other  thermo- 
meter.* Thermopiles  are  constructed  of  different  shapes ; but  the  form  generally 
used  for  experiments  on  heat  is  that  of  a cube  (Fig.  98).  All  the  even  junctions 
lie  on  one  side  and  the  uneven  on  the  other  side.  The  complete  apparatus  is 


Fig.  97. — Thermo-Electric  Battery. 


Fig.  98. — The  Thermopile. 


Fig.  99. — Melloni’s  Thermopile. 


shown  in  Fig.  99.  For  certain  purposes,  e.g.,  for  ascertaining  the  comparative 
temperature  at  any  given  lines  in  the  spectrum,  thermopiles  are  used  having 
the  even  and  odd  junctions  arranged  in  straight  lines.  The  thermo-electric 
needle  consists  of  one  couple,  the  junction  of  which  is  pointed.  With  it  the 
condition  as  regards  heat  of  animal  and  vegetable  textures  is  investigated. 

Pfotessor  Boys  has  recently  constructed  a thermo-electric  apparatus  capable  of  detecting  a 
oitlerence  of  temperature  of  less  than  one-millionth  of  a degree. 
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LAWS  AND  MEASUREMENT  OF  THE  ELECTRIC  CURRENT. 

Ohm’s  Law  : Illustrations  and  Explanations.— We  know  that  by 
putting  two  different  metals  into  a liquid  we  set  up  an  electromotive  force, 
which  causes  a motion  of  electricity  or  an  electric  current.  This  electric  current 
lasts  as  long  as  the  chemical  action  lasts,  and  flows  from  points  of  higher  to 
points  of  lower  potential.  Let  us  consider  again  the  simplest  form  of  galvanic 
cell,  namely,  that  consisting  of  a copper  plate  and  a zinc  plate  in  dilute  sulphuric 
acid,  the  free  ends  of  the  plates  being  joined  with  a wire.  Every  similar  arrange- 
ment is  called  a closed  circuit.  In  our  combination  positive  electricity  moves 
from  the  free  copper  end  to  the  free  zinc  end.  We  further  know  that  the  motion 
of  the  electricity  is  not  restricted  to  the  connecting  wire,  but  extends  to  the 
plates  dipped  in  the  liquid,  and  to  the  liquid  itself.  In  the  liquid  positive 
electricity  flows  from  the  zinc  to  the  copper.  In  the  circuit,  then,  a current 
circulates  passing  from  zinc  to  copper  in  the  cell  and  from  copper  to  zinc  in  the 
external  wire.  When,  therefore,  we  speak  of  the  direction  of  tlie  current,  we 
mean  the  direction  of  flow  of  positive  electricity,  or  the  direction  of  fall  of 
potential  in  the  outer  wire. 

To  explain  the  laws  of  the  current  we  will  return  to  the  analogy  of  a flow  of 
water.  The  water  in  the  reservoirs  a and  b in  Fig.  loo  stands  at  different  heights. 
As  long  as  this  difference  of  level  is  maintained,  water  from  b will  flow  through 
the  pipe  r to  a.  If  by  means  of  a pump  p the  level  in  b is  kept  constant, 
a constant  flow  through  r will  also  be  maintained.  Here,  by  means  of  the 
work  expended  on  the  pump,  the  level  in  the  reservoir  is  kept  constant,  and  in 
the  corresponding  case  of  the  electrical  current,  by  the  conversion  of  chemical 
energy  a constant  difference  of  potential  is  maintained. 

Through  every  cross  section  of  the  water  circuit  a certain  quantity  of  water  flows 
per  second,  and  this  quantity  may  be  taken  as  the  measure  of  the  strength  of 
current.  Similarly,  through  every  cross  section  of  a conductor  flows  a certain 
quantity  of  electricity  in  a given  time.  That  quantity  of  electricity  which 
flows  in  one  second  through  any  one  cross  section  of  a conductor  is  called  the 
strength  or  intensity  of  the  current.  If  lo  litres  of  Avater  flow  in  every  second 
into  a vessel  of  any  shape,  and  lo  litres  flow  out  again  per  second,  it  is  evident 
that  through  every  cross  section  of  the  vessel,  or  of  the  pipe  leading  to  it,  lo 
litres  of  water  pass  every  second.  The  quantity  of  water  that  flows  through  the 
vessel  is  independent  of  the  cross  section  of  the  vessel.  The  same  condition  holds 
good  for  the  galvanic  current ; if  in  a closed  circuit  a constant  current  circulates, 
the  same  amount  of  electricity  will  pass  every  cross  section  per  second.  Hence 
the  following  law  : The  strength  of  a constant  current  in  any  circuit  is  equal  in  all 
parts  of  the  circuit. 
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Again,  we  shall  increase  the  quantity  of  water  flowing  through  the  circuit 
in  a given  time  by  increasing  the  pressure  producing  the  motion  ; that  is  to  say, 
by  increasing  the  difference  of  level  of  the  reservoirs  (Fig.  100).  Now,  the 
pressure  per  square  centimetre  and  the  difference  of  level  are  both  given 
by  the  same  number.  Similarly,  in  electricity  the  difference  of  potential 
produced  by  the  contact  of  metals  and  liquids,  and  the  e.  m.  f.  producing  the 
current,  are  measured  for  most  purposes  by  the  same  number ; therefore  we 
may  treat  the  terms  as  synonymous.  Whenever  we  are  dealing  with  the 
measures  of  quantities  amongst  which  there  are  a difference  of  potential  and  an 
electromotive  force,  we  may,  as  a rule,  replace  one  of  these  by  the  other,  for 


their  measures  are  identical. 

As  the  strength  of  the  current  in  the  water  system  is  proportional  to  the 
difference  of  level  of  the  cisterns,  or  to  the  pressure  exerted,  so  also  in  the 
electric  circuit  the  strength 
of  the  current  is  propor- 
tional to  the  difference  of 
potential  produced  by  the 
battery,  or  to  the  electro- 
motive force  that  results 
from  it. 

The  quantity  of  water 
flowing  through  a pipe 
during  a given  time  will 
be  increased  when  the 
pressure  is  increased;  the 
water  then  flows  more 
quickly,  and  therefore  a 
greater  quantity  must  pass 
every  cross  section  in  a 
given  time. 

The  pressure  of  the  reservoir  b (Fig.  100)  can  be  increased  by  placing 
another  reservoir  over  it,  covering  B,  and  connecting  it  with  the  higher  reservoir ; 
similarly  the  E.  m.  f.  in  a circuit  may  be  increased  by  placing  two  cells  in 
series.  The  difference  of  potentials  in  the  cell  is  the  cause  of  the  motion  of  the 


W 


Fig. 


100. — A Circuit  of  Water  analogous  to  the  Galvanic 
Circuit. 


current,  and  determines  the  pressure  or  e.  m.  f.,  and  therefore  also  the  quantity 
of  electricity  flowing  for  any  given  time  through  any  cross  section  of  a circuit. 
If,  therefore,  we  connect  several  cells  we  increase  the  electromotive  force  and 
increase  the  current  j in  other  words,  the  intensity  of  the  current  increases  with 
the  E.  M.  F. 


' The  strength  or  intensity  of  the  current  depends,  however,  upon  something 
else.  In  the  water  circuit  it  depends  on  the  connecting  pipes ; the  wider  the 
pipes  the  greater  the  flow,  and  the  smaller  the  pipes  the  less  the  flow  with 
the  same  pressure.  Similarly  the  strength  of  the  electric  current  depends 
on  the  connecting  wires.  It  has  been  mentioned  that  different  substances 
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conduct  electricity  differently ; and  every  body  opposes  a certain  resistance  to  the 
passage  of  electricity.  The  quantity  of  electricity  passing  per  second  from  one 
point  to  another  depends  on  the  resistance  of  the  wire  or  conductor  joining  the 
two  points,  when  a constant  difference  of  potentials  is  maintained  betv'een  them, 
and  the  amount  of  electricity  flowing  through  a cross  section  must  become  less 
when  the  resistance  increases.  If  we  take  these  propositions  together,  we 
obtain  the  law  named,  after  its  discoverer.  Ohm’s  law.  The  current  is  directly 
proportional  to  the  E.  m.  f.  and  inversely  proportional  to  the  resistance.  The 
current  is  increased  two-,  three-,  four-fold  when  the  e.  m.  f.  is  increased  two-, 
three-,  four-  fold ; the  current  is  diminished  two-,  three-,  four-fold  when  the 
resistance  is  increased  two-,  three-,  four-fold. 

, E.  M.  F. 

Hence,  current  = — : 

resistance 


Resistance  of  Wires. — We  have,  then,  three  factors  which  have  to  be 
considered  in  every  galvanic  current.  Let  us  now  see  upon  what  circumstances 
these  factors  depend.  Let  us  take  a Daniell’s  cell,  having  a certain  length  of 
copper  wire  and  a galvanometer  in  circuit.  The  current  will  cause  a deflection 
of  the  needle  through  a certain  angle.  If  now  we  double  the  length  of 
copper  wire,  we  shall  find  that  the  deflection  is  at  once  diminished.  As  we 
lengthen  our  wire  we  obtain  smaller  and  smaller  deflections.  If  we  take  wires 
of  different  cross  sections,  we  again  obtain  different  deflections  \ the  deflection 
becomes  larger  the  larger  the  cross  section  of  the  wire  inserted  ; in  other  words,, 
the  thicker  the  wire  the  less  the  resistance.  This  holds  good,  not  only  for  copper 
wire,  but  for  every  substance  inserted  in  a circuit.  Again,  the  material  as  well 
as  the  form  has  to  be  considered  ; if,  for  example,  we  take  one  metre  of  iron  wire 
and  one  metre  of  silver  wire  of  the  same  cross  section,  and  try  the  same  experi- 
ment, we  find  different  deflections  for  each.  The  resistance  of  a unit  cube  of 
the  material  of  the  conductor  is  called  the  specific  resistance.  To  give  the 
specific  resistance  of  different  substances  a unit  has  to  be  adopted  j that  is,  the 
resistance  of  some  substance  or  other  must  be  taken  as  i.  If,  for  instance,  we 
take  the  resistance  of  a unit  cube  of  copper  to  be  i,  we  shall  find  the  resistance 
of  platinum  3'57,  German  silver  5'88,  and  so  on. 

The  laws  of  the  resistance  of  conductors  may  therefore  be  collected  as 


follows  : 

1.  The  resistance  of  a conducting  tvire  is  proportional  to  its  length. 

2.  The  resistance  of  a conducting  wire  is  diversely  proportional  to  the  area  of  its 
cross  section. 

3.  The  resistance  of  a conducting  wire  of  given  length  and  thiikness  depends  upon 
the  specific  resistance  of  the  material  of  ^vhich  it  is  made. 


Thus  the  resistance  = 


specific  resistance  x length 
area  of  cross  section 


Resistance  in  the  Internal  Circuit. — The  laws  with  which  we  have 
familiarised  ourselves  enable  us  to  connect  single  cells  with  each  other,  to 
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form  batteries,  in  the  most  advantageous  manner.  Cells  may  be  connected 
with  each  other  in  several  ways  to  form  a battery ; the  usual  way,  as  shown  in 
Fig.  10 1,  is  to  connect  the  electro-positive  metal  with  the  electro-negative  metal 
of  the  next  cell,  and  so  bn.  This  arrangement  of  cells  to  form  a battery  we 
have  already  referred  to  as  connection  in  series.  The  electrical  current  flows 
here  in  the  fluid  of  the  first  cell  from  zinc  to  copper,  through  the  connecting 
wire  to  the  zinc  of  the  second  cell,  whence  it  flows  to  the  copper  of  the  second 
cell,  then  to  the  third  cell,  and  so  on,  until  the  last  cell  is  reached, 
when  it  leaves  the  copper,  flows  through  the  external  circuit,  and 
back  again  to  the  zinc  of  the  first  cell.  When  the  entire  current 
flows  through  every  member  of  the  circuit,  as  in  this  arrangement. 

Ohm’s  law  becomes : 

sum  of  all  the  e.  m.  f.’s 


The  strencfth  of  the  current  = 


sum  of  all  the  resistances 


The  resistance  consists  ot  the  resistance  of  the  cells,  and  the 
resistance  of  the  external  circuit.  If  c be  the  strength  of  current,  e 
the  electromotive  force  of  one  cell,  r the  external  resistance,  and  / 
the  internal  resistance  of  one  cell,  then  for  the  value  for  the  current 
with  one  cell  we  have : — 

E 


c = 


R ^ 


If  now  we  connect  six  cells  as  shown  in  our  Fig.  loi,  we  get : 

6e 


c = 


R "t"  6/ 


Suppose  now  that  the  external  resistance  is  so  small  compared  with 
the  rest  that  it  may  be  neglected  without  appreciable  error,  then 


6e 


E 

or,  c = j- 


Fig.  loi.  — 
Elements 
in  Series. 


We  obtain  then  for  the  strength  of  current  of  the  six  cells  in  series,  in  this 
particular  case,  the  same  value  as  for  one  cell ; in  other  words  ; When  we  use 
an  outer  circuit  of  very  small  resistance,  the  strength  of  the  current  is  not  in- 
creased by  increasing  the  number  of  cells  in  series. 

Let  us  consider  what  happens  >vhen  the  opposite  is  the  case,  and  the  external 
resistance  is  very  great  compared  with  that  of  the  battery.  We  can  neglect  the 
resistance  of  the  cells,  and  then  we  get : 

6e  e 

C-  — = 6-- 

R R 

From  this  we  see  that  by  arranging  our  six  cells  in  series  we  increase  the  strength 
of  the  current  six-fold ; it  is  advantageous,  therefore,  to  arrange  the  cells  in  series 
when  the  resistance  is  considerable. 
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Connection  of  Cells  abreast. — Cells  may  be  connected  with  each 
other  as  shown  in  Fig.  102.  Here  all  the  copper  plates  are  connected  with  one 
wire,  and  all  the  zinc  plates  with  the  other  wire.  Such  a battery  is  equivalent  to 


one  element  with  six  times  the  original  surface ; the  e.  m.  f.  is  not  increased, 
but  the  internal  resistance  is  diminished  to  ^ of  the  original  resistance,  as  the 
current  flows  through  a cross  section  six  times  as  large.  This  arrangement  is 


known  under  the  name  of  the  parallel  arrangement,  or  connection  of  cells 
abreast. 

E.  M.  F.  (of  one  cell) 

The  strength  of  current  = resistance"T  i internal  resistance  (of  one  cell). 


or,  c- 


Neglecting  external  resistance,  we  get 


E ,E 

Therefore  when  the  external  resistance  is  but  slight,  the  current  is  increased  by 
joining  the  cells  in  parallel.  When,  however,  the  external  resistance  is  very 
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large,  the  internal  resistance  may  be  neglected,  and  we  get  the  following  equation, 
which  is  the  same  for  one  cell  as  for  a number : — 

E 

c=  — 

R 

Hence  the  increase  of  cells  in  parallel  arrangement  does  not  increase  the 
current  when  the  external  resistance  *is  considerable. 

The  four  equations  which  we  have  now  obtained  are  of  great  importance,  as 
they  enable  us  to  arrange  the  cells  so  as  to  obtain  the  most  favourable 


results  under  different  conditions  as  regards  the  external  circuit.  Cells  are 
arranged  in  series  when  the  resistance  of  the  external  circuit  is  very  great,  but  in 
parallel  when  the  resistance  is  very  small.  Between  the  very  great  and  very 
small  resistance  we  may  have  intermediate  conditions.  In  these  conditions 
we  make  use  of  both  the  parallel  and  series  arrangements.  Figs.  103  and  104 
represent  such  mixed  combinations  of  elements. 

For  Fig.  103  we  should  obtain  the  following  formula: 


Current  = — ^ 


For  Fig.  104  we  get 


Current  = 


R + l-  I 


2 E 

rT|7 


Divided  Circuits. — Up  to  the  present  we  have  discussed  the  arrangements 
of  different  cells  with  a single  and  simple  external  circuit ; but  the  latter 
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too,  maybe  divided  into  branches  or  loops.  The  simplest  arrangement  is  obtained 
when  all  the  parts  of  the  circuit  lie  so  that  the  current  without  dividing  can  flow 
through  them  all.  Fig.  105  represents  such  a circuit ; here  the  separate  parts  ab,bc, 
and  of  the  circuit  are  so  connected  with  each  other  that  they  allow  the  current 
an  undivided  passage.  The  current  here  has  to  flow  through  one  part  after  the 
other,  and  to  overcome  a resistance  which  is  the  sum  of  all  the  resistances  of  the 
separate  parts  in  the  circuit.  The  parts  of  "a  circuit  may  be  arranged  parallel  as 
well  as  in  series;  Figs.  106  and  107  show  such  arrangement.  In  Fig.  106  the 
wire  a b divides  into  six  branches.  In  Fig.  107  two  wires  run  parallel  with  each 
other  from  the  battery,  having  other  wires  joining  them  across  the  circuit. 
Such  arrangements  are  called  divided  circuits ; and  the  laws  of  the  re- 
sistances of  such  circuits  were  first  elucidated  by  Kirchhoff.  The  sum  of 

the  currents  in  the  different 
branches  of  the  circuit  must 
be  equal  to  the  current  in 
the  undivided  conductor  or 
circuit.  Let  us  compare 
the  behaviour  of  the  branch 
currents  with  water  flowing 
through  a system  of  pipes 
shown  in  Fig.  108.  Water 
flows  through  the  pipes  a b 
and  C D in  the  direction 
indicated  by  the  arrow- 
heads. The  two  pipes  are 
connected  with  each  other 


by  a series  of  pipes  i to  6,  and  water  from,  a b is  conducted  through  these  six 
pipes  to  c D.  The  greatest  amount  of  water  will  flow  through  that  pipe  which  offers 
the  least  resistance,  and  the  quantity  of  water  that  flows  through  the  whole 
series  of  pipes  must  be  equal  to  the  quantity  which  flows  through  a b or  c d 
(assuming  that  the  same  amount  of  water  enters  a that  leaves  d).  If  the  pipes 
from  I to  6 have  all  the  same  dimensions,  then  through  each  of  these  pipes  equal 
quantities  of  water  will  flow;  it  follows  that  the  resistance  which  the  water  from  a b 
encounters,  diminishes  with  the  increase  of  the  number  of  pipes  between  a b and 
c D.  The  resistance  is  reduced  to  ^ when,  instead  of  communication  by  one  pipe, 
there  are  six  of  the  same  size.  Here  again  the  current  of  water  is  analogous  to 
the  electrical  current.  The  current  in  the  circuit  represented  in  Figs.  106  and 
107  depends  upon  the  resistance  of  the  separate  branches  i to  6.  Ihe  passage 
of  the  current  is  facilitated  by  increasing  the  number  of  branches  in  the  circuit, 
consequently  the  total  resistance  of  the  entire  circuit  is  thereby  proportionally 
lessened.  If  the  branches  from  i to  6 are  of  equal  dimensions,  they  will  fonn 
together  a resistance  which  will  be  ^ of  that  of  a single  branch.  If,  however, 
we  were  to  arrange  the  six  one  after  the  other,  as  shown  in  Fig.  105,  we  should 
increase  the  resistance  six-fold.  This  difference,  then,  in  the  behaviour  of 
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conductors  in  a circuit,  according  as  they  are  arranged  in  series  or  parallel,  has  to 
be  as  carefully  considered  in  practical  applications  of  electricity,  as  the  arrange- 
ment of  cells  in  a battery.  ...  • 

Let  us  call  the  power  to  convey  the  . current  either  m the  water  circuit  or 

electrical  circuit  the  conductivity  of  the  pipe  or  wire.  Then  conductivity  is  the 
reciprocal  of  resistance.  The  better  the  conductivity  the  less  the  resistance,  and 
vice  versa.  Now  the  following  rule  is  evidently  true.  In  a divided  channel  the 
conductivity  of  the  whole  is  the  sum  of  the  conductivities  of  the  branches.  If  c be 
the  conductivity,  and  R the  total  resistance  of  the  divided  portion  of  the  circuit, 
and  c^,  etc.,  be  the  conductivities  of  the  branches,  and  r,  etc.,  the  resist- 
ances of  the  same, 

then  c = Cl  + C2  + Os  + Ci  + Cr^  + c^; 


I 

hence  - 


n r-i  n r\  n 


If  there  are  only  two, 

then 


or 


R 


+ rs 


Or,  in  words.  The  joint  resistance  of  a divided  circuit  of  two  conductors  is  equal  to 
the  product  of  the  two  separate  resistances  divided  by  their  sum. 

The  branch  of  a divided  circuit  added  to  reduce  the  current  in  the  other 
branch  is  technically  called  a shunt.*- 

Cross  Shunts. — Besides  these  simple  arrangements  of  circuits  and  shunts, 
more  complicated  circuits  often  become  necessary,  both  for  practical  and  ex- 
perimental purposes.  The  behaviour  of  flowing  water  will  again  aid  us  in  our 
explanations  of  some  of  these  arrangements.  The  Figs.  109,  no,  in  represent 
three  different  systems  of  pipes.  In  each  of  the  three  figures  water  flows  from 
a in  the  directions  of  the  arrows,  where  it  finds  two  pipes  through  which  it 
can  flow  to  c\  into  the  branch  pipe  with  the  greatest  cross  section  the  greatest 
amount  of  water  will  enter,  because  least  resistance  will  be  offered.  The 
quantity  of  water  flowing  at  <r,  into  the  undivided  pipe,  will  be  equal  to  the 
quantity  of  water  entering  at  a,  and  the  total  amount  of  water  flowing  through 
a b c and  a d c will  be  equal  ■ to  the  amount  of  water  in  the  undivided  pipe.  In 
Fig.  109  the  water  flows  in  the  direction  of  the  great  arrow  to  a,  where  it  finds 
two  pipes  exactly  like  each  other,  a b c.,  a d c.  The  water  will  be  equally  divided 
here,  and  through  each  pipe  half  of  the  original  amount  will  flow.  The  pipe 
b d connects  a b c with  a d c,  and  we  have  now  to  inquire  how  the  water  will 
flow  in  b d.  The  water  flowing  along  a b and  a d finds  at  b and  at  d the 
same  conditions  as  to  pressure.  The  pressures  from  b \.o  d and  from  d X.o  b 
oppose  each  other,  and  thus  remain  in  equilibrium.  The  water  'm.  b d remains 
then  at  rest,  because  the  resistances  m a b c and  a d c are  divided  at  the  points 
b and  d in  the  same  proportion.  For  the  same  reason  the  water  in  b d (Fig.  1 10) 


* Such  circuits  are  called  by  different  electricians  "divided,”  "parallel,”  "side  by  side,"  or 
“shunt"  circuits. 
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Fig,  109. — Cross  Water  Channel. 


will  remain  at  rest,  although  the  pipes  a b c and  a d c are  here  different  from 
those  of  the  previous  figure,  and  offer  a different  resistance.  The  ratio  of  the  resis- 
tances  of  the  parts  of  pipes  to  each  other,  however,  remains  the  same  as  in  the  former 
case.  The  conditions  will  be  altered  in  the  arrangement  shown  in  Fig.  in. 
Here  the  water  divides  at  a into  two  unequal  currents,  the  stronger  of  which  a d 

arrives  at  d,  where  it  meets 
a much  smaller  pipe,  offer- 
ing a greater  resistance. 
The  pressure  will  force 
water  along  the  cross  pipe 
db  beyond  b in  the  direc- 
tion from  d to  b.  This 
motion  will  be  favoured 
by  the  pipe  b c,  which, 
being  much  broader,  fa- 
cilitates the  farther  flow. 
Hence  such  an  arrange- 
ment as  that  shown  in 
Fig.  Ill  will  cause  the 
water  to  flow  in  the  direc- 
tion from  d to  b. 

To  complete  the  ana- 
logy we  wish  to  trace,  let 
us  suppose  the  flow  to  be 
produced  by  a difference 
of  level  between  the  points 
a and  c (Fig.  109).  Sup- 
pose the  stream  to  be 
flowing  by  two  channels 
ab  c,  ad  c,  from  a higher 
level  at  a (where  the 
height  above  a certain 
initial  level  is  Vj)  to  a 
lower  level  v,  at  c.  For 
any  point  b in  the  first 
channel  there  is  a point 
d in  the  second  which  is 
at  the  same  level.  If 

these  two  points  are  joined  by  a channel  b d,  there  will  be  no  flow  along  b d, 
because  the  ends  are  at  the  same  level  v.  Let  us  now  follow  the  analogous 
arrangement  of  a divided  electrical  current.  If  the  potentials  at  a and  c be 
v„  Vj,  and  that  at  b be  v,  then  there  will  always  be  a point  d \xv  a d 
having  the  potential  z/,  and  if  this  point  be  joined  with  b hy  wire 
b d \t)  which  there  is  a galvanometer,  there  will  be  no  indication  of 
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current  in  b d.  Now  what  must  be  the  relations  between  the  resistances 
a b,  be,  a d,d  c,  that  there  may  be  no  current  m bd?  By  the  extension  of 


Ohm’s  law, 


fall  of  potential  in  that  part . 
the  current  m any  part 


resistance 
v,-v 


hence  current  in  n <=^s,'ancen«  ] 


-cJ 


current  in  b c= 


V-Yn 


current  in  a d- 


resistance  b 

Vi  - g 

■ resistance 


current  in  d c= 


V - V, 


resistance 


But  when  there  is  no  current  in  b d, 
the  currents  \n  a b and  b c are  the 
same,  and  so  are  those  va  a d,  d c\ 


hence 


Y,-V 


z;  -V, 


resistance  a b resistance  b c 
V,  - V resistance  a b 


or. 


V-Y^ 


resistance  b c. 
Similarly  from  the  last  two  : 


Y,-v 


V- 


r 

\ 

V 

— ^ A 

t 

1 

(L 

^ c 

f 

\ 

1 

V ) 

resistance  a d resistance  d c ’ 
V,  - V resistance  a d 


or. 


Fig.  1 12. — Cross  Shunt. 


&-V,  resistance  dc 

resistance  a b 


Therefore 


resistance  a d 


resistance  b c resistance  d c 
Fig.  1 12  represents  a similar  arrangement  of  the  circuit  to  that  of  the  system 
of  pipes  just  now  explained.  The  current,  leaving  the  battery,  divides  at  a into 
two  branches,  one  branch  flows  through  a b,.  the  other  through  ad ; 2X  b and  d 
the  currents  divide  again ; two  portions  flow  through  b c and  d c back  to  the 
battery,  the  other  portions  flow  from  b to  d,  and  d to  b.  The  two  oppo- 
site tendencies  to  flow  along  b d will  either  weaken  or  entirely  neutralise 
each  other.  The  distribution  of  the  current  at  a takes  place  in  inverse  propor- 
tion to  the  resistance  of  both  branches  ; if  this  proportion  for  the  two  branches 
b c and  d c remains  unaltered,  being  the  same  as  for  the  whole  course  a b c,  a d c, 
the  currents  arriving  at  b and  d will  continue  to  flow  along  the  same  channels 
towards  c.  The  bridge  b d,  therefore,  will  be  without  any  current  when  between 
the  four  parts  of  the  circuit  the  following  proportion  exists  : 


resistance  oi  ab 


resistance  of  a d 


resistance  of  b c 


resistance  of  d c 
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If  the  resistances  in  one  branch  are  equal,  those  in  the  other  branch  must 
also  be  equal.  ‘ 

Wheatstone’s  Bridge— The  principles  laid  down  here  give  a most  con- 
venient  method  for  measuring  resistances.  The  instrument  or  arrangement  by 
which  It  IS  applied  is  called  Wheatstone’s  Bridge.  Like  all  the  so-called  nil 
methods,  which  consist  in  reducing  to  nought  the  current  in  a particular  circuit, 
it  admits  of  great  accuracy.  The  simplest  mode  of  applying 
NV  It  IS  as  follows : Let  M (Fig.  113)  be  an  unknown  resistance, 


Q# 

Fig-  113- 


and  N a measured  resistance  that  may  be  adjusted  to  any 
required  value.  Let  p and  Q be  two  other  equal  resistances. 
t A‘  M and  N in  one  branch,  and  p and  q in  the  other 

branch  of  a divided  circuit.  Connect  a galvanometer  g with  the  junction  of  m 
and  N on  one  side,  and  the  junction  of  p and  Q on  the  other.  Adjust  n until 
there  is  no  current  through  g,  then  m = n. 

and  Conductivity— It  has  been  already  stated 
that  the  resistance  of  a conductor  depends  upon  its  dimensions  and  the  material 
that  composes  it.  Matthiessen  taking  copper  i,  found  the  following  values  • 


Silver 

specific  resistance. 

0- 94 

1 - 29 

Gold  

... 

Aluminium 

,I'82 

Zinc 

3'52 

Platinum  ... 

5-67 

Iron  

6-o8 

Tin... 

8'27 

Lead 

I2’29 

German  silver 

13-10 

Antimony  ... 

. . • 

2223 

Mercury  ... 

, , 

59'5S 

Bismuth 

82-13 

Graphite  ... 

... 

1106-00 

Gas  carbon 

... 

2037-00 

From  this  table  we  learn  that  of  all 

metals,  silver  offers  the  least  resistance 

which  is  the  same  thing,  silver  possesses 

the  greatest  specific  conductivity 

can  easily  arrange  a table  of  conductivity  by  calculation  from  the  above  : 

Metal. 

Silver  ...' 

specific  conductivity 
100 

Copper 

... 

94-2 

Zinc 

... 

26-76 

Platinum  ... 

. . . 

16-61 

Iron  

... 

15-50 

Lead 

... 

7-67 

German  silver 

7.19 

Mercury  

1-58 

Graphite  ... 

... 

•0852 

Retort  carbon  ...  - 

... 

-0463 
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The  relative  conductivity  of  the  principal  liquids  used  in  batteries  may  be 
seen  from  the  following  values  found  by  Becquerel  (conductivity  of  silver  = 


100,000,000) : 


Copper  sulphate  a saturated  solution 
Ordinary  salt  ,,  » 

Copper  nitrate  ,,  iw 

Zinc  sulphate  ,,  >, 

20  C.C.  of  H2SO4  in  220  c.c.  water  .. 
Nitric  acid 


Cenductivity. 

5-42 

31 '52 

8-99 

577 

88-68 

93  77 


Resistance  of  liquids  at  different  stages  of  concentration  may  be  seen  from 
the  following  table  by  ^Viedemann  (resistance  of  platinum  i)  • 


k 

S « 
CoS 
« o t, 
•ii  5*  k 
h 

■S  2-5 

S Q ^ 


37 
5'9 
11-42 
22-82 
45-84 

74-83 

\ 183-96 


Resistance. 

499.000 

283,500 

147,200 

88,070 

79,560 

108,300 

508.000 


.With  salt  solutions  the  resistance  diminishes,  as  the  amount  of  salt  increases, 
the  conductivity  of  pure  water  being  very  small.  The  behaviour  of  sulphuric 
acid  is  peculiar.  Up  to  a certain  point  resistance  diminishes  with  the  increase 
of  concentration,  but  beyond  this  point  resistance  increases  with  further  con- 
centration. 

The  influence  of  temperature  upon  a liquid  may  be  seen  from  the  following 
table  after  Wiedemann.  The  liquid  tested  was  formed  by  solution  of  187-02 
grammes  of  copper  sulphate  in  1,000  c.c.  water  : 


At 

20-2° 

C.  the  resistance 

= 1,907,000 

26-2 

97  99 

= 1,7x5,000 

>5 

37-5 

5> 

= 1,419,000 

51-5 

> > 99 

= 1,163,000 

) I 

6o-o 

9 9 9 9 ‘ 

= 1,047,000 

75-6 

9 9 9 9 

= 894,-ooo 

The  resistance  diminishes  as  the  temperature  increases,  a result  which  is 
exactly  opposite  to  what  occurs  with  metals.  Muller  found  the  following  values 
for  copper  wire  at  different  temperatures  : 


At  21°  C 

the  resistance 

= 864 

,,  a dull  red  heat  ... 

9 9 

= 2,100 

,,  a red  heat 

>9 

= 2,450 

, , a bright  red  heat 

99 

— 3,300 

,,  a white  heat 

99 

= 4,700 

When  the  wire  was  again  cooled  to  21°,  its  resistance  was  9x0. 
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Conductivity  for  carbon  increases  with  the  temperature,  thus  agreeing  with 
the  action  of  liquids.  Professor  Ayrton  thinks  this  seems  to  indicate  that 
carbon  may  be  a compound,  and  not  an  element.  Mercury  follows  the  other 
metals  that  is,  conductivity  decreases  and  resistance  increases  with  temperature. 

Siemens’  Unit  of  Resistance. — To  determine  the  resistance  of  a 
conductor  we  must  have  some  unit.  Jacobi’s  unit  of  copper  wire  i metre  in 
length  and  of  i square  millimetre  in  cross  section  proved  unsatisfactory,  because 
the  resistance  of  copper  is  considerably  altered  by  even  the  slightest  impurities; 
for  this  reason  Siemens  .chose  the  mercury  unit,  which  is  much  used,  especially 
in  Germany.  It  consists  of  a column  of  mercury  one  metre  in  length  and 
one  square  millimetre  in  cross  section.  Siemens’  unit  is  manufactured  by  the 
firm  of  Siemens  and  Halske,  of  Berlin.  When  it  would  be  inconvenient  to 

use  the  mercury,  copies  of  the  mercury 
unit  in  other  metals  may  be  used ; 
German  silver  is  used  for  the  purpose, 
the  length  of  the  unit  being  accurately 
calculated  to  agree  with  the  mercury 
unit.  Fig.  1 14  represents  such  a unit. 
The  German  silver  wire  is  coiled  and 
placed  in  a cylindrical  box  (the  cover  of 
which  is  omitted  in  the  diagram) ; the 
ends  of  the  wire  are  well  connected  by 
means  of  screws  with  the  metal  bars  a b 
and  cd.  The  screws  b and  d serve  the 
purpose  of  binding  screws  for  the  wires 
of  the  circuit.  The  cylindric  pieces  a and  c are  used  when  it  is  thought 
desirable  to  make  the  connections  by  dipping  the  ends  into  mercury  cups 
instead  of  by  binding  screws. 

Instruments  for  the  Measurement  of  Resistance. — With  the  help 
of  such  a unit  it  would  be  very  easy  to  measure  the  resistances  of  different  wires 
by  a Wheatstone’s  Bridge.  It  is,  however,  often  convenient  to  have  an  instrument 
which  will  furnish  an  adjustable  measured  resistance  with  which  we  can  compare 
the  wire  under  examination.  Such  an  instrument  is  the  Rheostat,  which  has 
been  graduated  according  to  the  unit.  One  of  these  instruments  is  represented 
in  Fig.  1 15.  The  wire,  having  a known  resistance,  is  wrapped  on  a cylinder 
of  wood  turned  by  a handle.  The  movable  terminal  carried  by  the  thick  rod 
s s presses  by  means  of  a spring  against  the  wire,  which  acts  like  a screw 
when  the  handle  is  turned,  and  moves  this  terminal  along  the  rod.  Any  number 
of  turns  and  fraction  of  a turn  of  the  wire  can  thus  be  brought  into  the  circuit. 
The  rheostat  shown  here  is  easily  injured,  and  has  many  faults;  it  is  there- 
fore not  used  now  so  much  as  formerly.-  Poggendorffs  rheochord,  represented 
in  Fig.  1 16,  is  a more  reliable  instrument.  The  two  platinum  wires  a and  b 
are  fastened  at  one  end  to  the  small  copper  blocks  d and  c ; at  the  other  end 
e f ihe  wires  are  fastened  to  silken  cords,  which  run  over  the  rollers  g,  and 
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carry  weights  for  the  purpose  of  giving  the  platinum  wires  a uniform  stretch. 
K is  a sheet-iron  box  filled  with  mercury,  which  has  the  sides  through  which 
the  wires  pass  made  of  glass.  The  instrument  is  inserted  in  the  circuit  by 


Fig.  115. — The  Rheostat. 


Fig.  1 17. — Resistance  Box. 


means  of  the  screws  d c.  The  current  enters  through  one  of  the  screws,  passes 
through  the  wire  up  to  the  box,  through  the  mercury  to  the  next  wire,  and 
leaves  the  apparatus  through  the  other  screw.  It  is  easily  seen  that  by  moving 
the  box  along  the  two  platinum  wires  different  lengths  of  wire  can  be  inserted ; 
in  order  to  measure  these,  the  instrument  has  a graduated  scale.  It  is,  however, 
difficult  to  obtain  the  wires  perfectly  uniform  through  their  whole  length. 

F 
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Resistance  Boxes. — If  greater  resistances  are  to  be  measured,  other  kinds 
of  apparatus  must  be  used.  Such  an  instrument  is  Siemens’  resistance  box,  repre- 
sented in  Fig.  1 1 7.  Fig.  118  represents  the  arrangement  of  two  resistance  coils 
of  such  a box.  The  ends  of  a coil  of  known  resistance  are  connected  with 
brass  pieces  C“,  which  are  divided  from  each  other  by  a small  space,  and  have 
each  of  them  a semi-cylindrical  hole.  If  now  the  current  enters  one  of  these 
brass  pieces  it  cannot  flow  to  the  next  before  it  has  gone  through  the  coil  between 
them ; but  the  current  can  pass  directly  from  one  brass  piece  to  the  other  when 
the  plug  /’is  inserted.  The  current  in  Fig.  118  would  have  to  flow  through  the 
resistance  coils  IV  ^ before  it  could  reach  the  second  piece  of  brass.  In  the 
resistance  box  (Fig.  117)  a series  of  such  resistance  coils  of  increasing  resistance 
is  arranged.  The  resistance  of  each  coil  is  exactly  determined,  and  the  coils  are 
arranged  with  Siemens’  units,  in  the  following  manner  : 

1.  Row  ...  I 2 2 5 10  10  20  50 

2.  Row  ...  5,000  2,000  1,000  1,000  500  200  100  100 

With  an  arrangement  like  this,  resis- 
tances from  I to  10,000  Siemens’  units 
can  be  measured.  To  measure  frac- 
tions of  a unit,  resistance  coils  of  o‘i, 
o'2,  o'2,  and  o'5  Siemens’  units  are 
added,  or  the  unit  may  be  subdivided 
by  making  it  one  branch  of  a Wheat- 
stone’s bridge.  When  the  resistance 
box  (Fig.  1 1 7)  is  used,  care  ought  to  be 
taken  that  all  the  metal  parts  are  bright, 
especially  the  bores,  and  that  the  plug 
is  firmly  placed  into  the  hole  with  a 
screwing  motion. 

Galvanometers. — To  determine 
the  resistance  of  a conductor  we  need  a 
Fig.  1 18. — Resistance  Coil  and  Plug.  galvanometer.  Various  constructions 

and  forms  of  galvanometers  are  in  use, 
but  we  shall  find  it  sufficient  for  our  purpose  at  this  point  to  describe  the  tangent 
galvanometer,  shown  in  Fig.  119.  The  copper  ring  r,  terminating  in  the  binding 
screws  k,  k,,  is  placed  on  a wooden  frame,  as  represented  in  the  figure.  On  the 
metal  pillar,  insulated  from  the  ring,  is  the  box  l>  and  the  magnetic  needle, 
which  is  suspended  by  means  of  a cocoon  thread  from  the  tube  /.  The  box, 
b has  a graduated  circle,  the  centre  of  which  coincides  with  the  centre  of  the 
copper  ring.  The  graduation  of  the  scale  is  so  arranged  that  the  zero  point  lies 
in  the  plane  of  the  ring.*  Before  using  the  instrument,  then,  we  must  adjust 

* In  many  instruments  the  needle  is  a small  lozenge-shaped  piece  of  steel,  and  to  indicate 
the  angle  of  deflection  a long  light  pointer  of  glass  is  fi.'ced  at  right  angles  to  it.  Then  the  zero- 
point  is  90’  from  the  plane  of  the  ring,  for  it  is  not  the  needle  but  the  pointer  that  indicates  the 
deflection. 
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it  • that  is  we  must  turn  the  ring  until  the  needle  points  to  o.  When  we  con- 
nect the  wires  of  the  source  of  electricity  with  k^,  k„  the  current  will  flow  round 
the  copper  ring,  and  cause  the  needle  to  be  deflected.  The  earth’s  magnetism 
tends  to  bring  the  needle  back  again  to  its  former  position  of  rest,  but  after 
a few  oscillations  the  needle  at  last  remains  stationary  at  the  position  in  which 
the  effects  of  the  current  and 
of  the  earth’s  magnetism  balance 
each  other.  The  deflection  of 
the  needle  will  be  the  greater 
the  greater  the  current  is,  and 
for  equal  currents  the  needle 
will  show  the  same  deflection. 

When  the  needle  is  small,  so  that 
it  moves  within  a space  that  may 
be  considered  a uniform  “ field  ” 
due  to  the  current,  the  strength  of 
the  current  is  directly  proportional 
to  that  function  of  the  angle 
of  deflection  called  the  tangent. 

When  we  know  the  angle,  a book 
of  trigonometrical  tables  has  to 
be  consulted  to  find  the  tangent. 

Currents  proportional  to  the 
numbers  i,  2,  3,  etc.,  produce 
deflections  whose  tangents  are  as 
the  numbers  i,  2,  3,  etc.  If  c 
be  the  strength  of  current,  r the 
radius  of  the  ring,  H the  hori- 
zontal component  of  the  earth’s 
magnetic  force,  and  5 the  angle 
of  deviation,  then  , 

^ — pj  tcin  ^ ~ 

2 7T  Fig.  119. — The  Tangent  Galvanometer. 

OT  c = a tan  S. 

where  a is  a constant  depending  on  the  size  of  the  ring  and  the  earth’s  magnetic 
force. 

Measurement  of  Resistances. — We  are  now  in  a position  to  measure 
the  resistance  of  any  wire.  We  may  make  the  experiment  in  many  ways, 
one  of  the  simplest  being  as  follows  : A complete  circuit  is  made  with  a 
constant  galvanic  cell,  a galvanometer,  and  the  wire  whose  resistance  is  to 
be  taken.  The  deflection  of  the  needle  is  noted,  and  the  wire  to  be  measured 
removed,  and  in  its  stead  is  placed  a rheostat,  or  resistance  box.  Resistance  is 
now  added  until  the  needle  shows  the  same  deflection  as  before.  This  resistance 
will  be  equal  to  the  resistance  of  the  wire  under  examination.  This  method  of 
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determining  the  resistance  (called  the  method  of  substitution)  has  several  de- 
fects. Between  the  first  and  second  reading  a certain  time  passes,  during  which 
the  E.  M.  F.  and  internal  resistance  of  the  battery  might  have  undergone  some 
change.  We  may  partly  eliminate  the  error  by  again  inserting  the  resistance 
to  be  measured,  and  taking  the  mean  of  the  two  observations. 

The  method  with  Wheatstone’s  bridge  is  not  open  to  this  objection.  Wc 
have  seen  that  in  an  arrangement  like  that  represented  in  Fig.  112,  the  con- 
necting wire  b d xs,  without  a current  when  the  resistances  of  the  remaining  four 
wires  stand  as  follows  : 

resistance  oi  a b _ resistance  of  a 
. resistance  oi  b c resistance  oi  d c 

Fig  120  shows  us  how  to  use  this  principle  and  to  measure  resistances  with  the 
bridge.  The  screws  abed  are  fixed  at  the  corners  of  a rhombus ; the 

screws,  ^ ^ in  two  sides 
meeting  at  a point  d.  The 
wires  a b and  b c are  equal 
to  each  other,  and  possess 
the  same  resistance;  the 
wires  a e,  f d,d  g,  and  h c 
are  also  equal  to  each 
other,  and  have  the  same 
resistance.  The  connect- 
ing wire  d'&b  will  be  with- 
out a current  when  the  re- 
sistances of  the  wires  a b 
and  b c are  to  each  other 
as  all  the  resistances  be- 
tween a and  d are  to  all 
resistances  between  i and  c. 
A galvanometer  is  inserted 
Fig.  120.— Wheatstone’s  Bridge.  at  B ; the  wire  under  exami- 

nation w is  inserted  be- 
tween e and  /;  and,  lastly,  any  rheostat  or  box  of  coils  R between,^  and  h. 
When  in  this  circuit  the  connecting  wire  d x,  b to  be  without  current,  the 
following  proposition  must  be  true  : 

resistance  oi  a b _ total  resistance  between  a and  d 
resistance  oi  b c total  resistance  between  d and  c 

It  follows,  therefore,  that  when  the  wires  a b and  b c are  of  the  same 
resistance,  and  no  current  passes  through  d '&  b,  the  sums  of  the  resistances 
between  a d and  d c must  be  equal.  Again,  in  this  case,  since  the  wires  a e,J  d, 
d g,  and  h c are  equal  to  each  other,  the  resistance  oi  w must  be  equal  to  the 
resistance  between  ^ and  /i. 

Another  way  of  using  the  bridge  is  to  stretch  the  wire  a b c (usually  a 
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German  silver  wire)  over  a graduated  scale,  and  to  make  a “ slider  ” or  binding 
screw  that  makes  contact  with  the  wire,  but  may  be  moved  to  any  part  of  it. 
Then  R may  be  a known  resistance  not  necessarily  equal  to  w,  and  when  b is 
moved  until  there  is  no  deflection  of  b we  shall  have, 

w ; R : : the  length  oi  a b : the  length  of  b c. 

To  Measure  the  Resistance  of  Liquids. — To  determine  the  resistance 
in  liquids  the  above  methods  cannot  be  employed,  liquids  being  decomposed 
by  the  electrical  current.  Horsford  has  shown  how  to  compensate  for  the 
E.  M.  F.  generated  by  the  products  of  decomposition.  He  joins  up  in  the  same 
circuit,  beside  the  galvanometer  and  rheostat,  a vessel  containing  the  liquid,  and 
supplied  with  suitable  electrodes.  The  two  electrodes  are  first  immersed  at  a 
fi.\ed  distance  from  each  other  in  the  liquid.  The  deflection  of  the  needle  will 
then  indicate  the  current  due  to  the  difference  of  the  e.  m.  f.  of  the  battery  and 
of  the  liquid  working  through  the  wire  resistances  and  that  of  the  column  of  liquid 
lying  between  the  electrodes.  The  two  electrodes  are  now  removed  farther  from 
each  other,  so  that  the  column  of  liquid  becomes  larger,  and  also  the  resistance. 
The  needle  will  consequently  show  a smaller  deflection.  If  now  by  means  of  the 
rheostat  such  a resistance  is  removed  as  will  restore  the  original  deflection,  the  resist- 
ance removed  will  be  nearly  equal  to  the  resistance  of  the  column  of  liquid  added. 

Measurement  of  Electromotive  Force. — The  e.  m.  f.  of  a galvanic 
cell  may  be  ascertained  by  taking  the  difference  of  potentials  at  the  two  poles 
by  a Thomson’s  quadrant  electrometer.  But  more  indirect  methods  of 
determination  are,  as  a rule,  more  convenient.  We  may  measure  the  resistance 
and  current  of  the  cell,  and  calculate  the  e.  m.  f.  from  these  values,  by  means 
of  Ohm’s  law.  As  we  required  a unit  for  measuring  resistance,  we  require  a 
unit  for  measuring  e.  m.  f.  The  Voli  is  the  unit  employed,  and  the  e.  m.  f.  of  a 
Daniell’s  cell  is  nearly  equal  to  i'i2  Volts. 

The.E.  M.  F.s  of  two  cells — a Grove’s  and  a Daniell’s,  for  instance — may  easily 
be  compared  by  the  following  method.  Let  e^  and  Eg  be  the  cells  to  be  compared. 
Stretch  a German  silver  wire  a b about  a 
metre  long  over  a scale.  Take  a battery 
the  e.  m.  f.  of  which  is  known  to  be 
greater  than  either  e^  or  Eg  and  join  it 
up  with  a b,  the  zinc  being  towards  a. 

Join  Ej  and  Eg  with  galvanometers  and 
Gg  in  their  circuits,  so  that  the  wires  from 
the  zincs  come  to  a,  and  the  positive 
wires  to  movable  points  p and  q.  Move 
P along  a b until  there  is  no  deflection  of  G,  and  then  do  the  same  with  q.  Then 
El  IS  equal  and  opposite  to  the  p.  d.  between  / and  a,  and  Eg  to  the  p.  d.  between 
q an  a.  But  the  fall  of  potential  along  b a varies  as  the  resistance  (Ohm’s  law), 
and  therefore  as  the  length.  Hence  Ej  : Eg  : : the  length  a / : the  length  a q. 
t t e Congress  in  Paris,  in  1881,  it  was  agreed  to  adopt  certain  practical  units 
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which  are  so  related  that  Ohm’s  law,  and  other  laws  connecting  electrical  quan- 
tities, may  receive  their  simplest  expression  when  the  measurements  are  expressed 
in  these  units.  For  instance,  the  units  of  quantity  and  of  strength  of  current  are 
' so  related,  that  when  the  former  passes  through  a cross  section  of  the  circuit 
in  a unit  of  time,  the  current  caused  is  the  current  of  unit  strength.  According  to 
this  plan  we  must  consider  the  unit  of  e.  m.  f.  that  which  gives  the  unit  of 
current  through  the  unit  of  electrical  resistance. 

If  we  know  the  unit  for  the  strength  of  current  as  well  as  the  unit  of  e.  m.  f.» 
we  can  easily  find  the  unit  of  resistance.  According  to  Ohm’s  law,  we  have, 

unit  of  E.  M.  F. 

unit  of  resistance  = — : • 

unit  of  strength  of  current 

We  shall  subsequently  explain  the  connection  of  the  practical  units  with  the 
units  of  length  (the  centimetre),  mass  (the  gramme),  and  time  (second),  that  is 
to  say,  with  the  C.  G.  S.  system  of  units.  For  the  present  it  will  suffice  to  name 
these  units,  and  indicate  a mode  of  producing  them.  As  a rule  the  practical 
units  receive  the  names  of  great  physicists. 

The  unit  quantity  is  the  coulomb.  It  is  the  quantity  that  sets  free  '0000104 

gramme,  or  -000160  grain  of 
hydrogen.  When  the  coulomb 
flows  past  any  section  of  a 
circuit  per  second,  the  cur- 
rent has  unit  strength.  This 
unit  current  is  called  an  am- 
tere.  (Anglicised  ampere).  A 
current  of  one  ampere,  if  used 
to  set  free  hydrogen  from 
water,  liberates  .0000104 
gramme  a second ; or  if  to 
decompose  a silver  salt,  '0171 
grain  of  silver  per  second. 

The  unit  difference  of 
potential  is  called  the  volt. 

The  E.  M.  F.  of  a cell 
is  measured  by  the  differ- 
ence of  potentials  at  the 
poles  of  the  unclosed  cell. 
If,  therefore,  we  have  a cell 
whose  difference  of  potentials 
is  = I volt,  we  may  consider 
the  E.  M.  F.  of  this  cell 
to  be  the  unit  of  e.  m.  f., 
and  call  it  i volt.  If  we 
compare  the  e.  m.  f.  of  a Daniell’s  cell  with  the  volt,  we  find  that  i Daniell 
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has  an  e.  m.  f.  01  ri2  volts.  Bunsen’s  cell  has  an  e.  m.  f.  of  i‘95  volts. 
If  now  in  a circuit  resistance  is  so  regulated  that  by  an  e.  m.  f.  of  i volt  the 
strength  of  the  current  becomes  one  ampere,  we  have  the  amount  of  resistance 
which  has  been  chosen  for  the  unit,  and  which  is  called  the  ohm.  The  Volt, 
Ampere,  and  Ohm,  according  to  Ohm’s  law,  have  the  following  relation  to 

each  other:  j. 

I ampere  = — r — 

^ I ohm 


The  ohm  is  equal-  to  i'o63  of  Siemens’  unit  of  resistance,  and  is  the  resist- 
ance of  a column  of  mercury  at  0°  C.,  one  square  millimetre  in  section,  and 
1 06 ’3  centimetres  in  length. 

K 


Fig.  124. — The  Astatic  Galvanometer. 


Instruments  for  detecting  the  Presence  and  Direction  of  a 
Current. — When  the  direction  and  approximate  strength  of  a current  only 
are  required,  very  simple  apparatus,  known  under  the  name  of  galvanoscopes,  are 
used.  To  roughly  estimate  the  strength  of  a current,  an  instrument  as  shown  in 
Fig.  122  is  frequently  used ; it  consists  of  a wooden  frame  which  has  a few 
turns  of  a thick  wire.  We  may  term  it  a multiplier. 

A more  sensitive  instrument  is  the  vertical  galvanoscope  (Fig.  123).  Here 
two  magnets  n s and  s'  n'  are  placed  parallel  to  each  other  so  that  the  north  pole 
of  one  is  opposite  the  south  pole  of  the  other.  Such  an  arrangement  of  the 
needles  is  known  as  astatic.  The  needles  are  rigidly  attached  to  a horizontal 
axis  which  is  a little  above  their  centre  of  gravity,  so  that  when  no  current 
is  passing  through  the  coils  they  stand  vertically.  When  the  current  passes 
the  needles  are  deflected  towards  the  horizontal,  but  gravity  causes  them 
to  set  in  some  intermediate  position  depending  on  the  strength  of  the  current. 
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To  measure  very  weak  currents  and  take  very  accurate  readings,  even  this 
instrument  is  not  sufficiently  sensitive,  and  the  instrument  employed  is  the 
multiplier,  shown  in  Fig.  124,  which  is  also  an  astatic  galvanometer.  It  has 
two  coils  that  may  be  connected,  so  that  the  same  current  goes  round  both 
in  the  same  direction  or  in  different  directions,  or  they  may  be  used  separately. 
The  frame  for  the  coils  and  the  astatic  pair  of  needles  are  separately  drawn. 
The  frame  with  the  coils  is  fastened  upon  a horizontal  metal  disc,  which  moves 
upon  the  bottom  plate,  and  is  maintained  in  a horizontal  position  by  means  of 
three  levelling  screws.  The  screw  s is  to  arrest  the  motion  of  the  disc  with 
the  coils  when  the  zero  of  the  scale  is  brought  into  the  magnetic  meridian.  One 
of  the  coils  has  about  100  turns;  the  other  about  10,000.  The  four  binding 
screws  p'  to  o are  in  connection  with  the  ends  of  the  two  coils.  The  needle 
is  hung  .from  the  metal  support  e f g.  The  screw  k is  for  the  purpose  of 

raising  or  lowering  the  needles.  The 
number  of  windings  which  must  be 
given  a multiplier  depends  entirely  upon 
the  purpose  for  which  it  is  to  be  used. 
When  used  in  a circuit  of  small  resist- 
ance, fewer  turns  of  wire  will  suffice, 
whilst  when  used  with  great  resistance  a 
coil  of  many  turns  has  to  be  used. 

The  greatest  accuracy  in  measuring 
the  deflection  of  the  needle  is  obtained 
by  taking  reflected  readings  upon  a 
lengthened  scale.  Before  describing  a 
reflected  galvanoscope,  we  will  explain  the  principle  on  which  it  acts,  s s (Fig. 
125)  represents  a small  mirror.  If  a ray  of  light  in  the  direction  q o falls  upon 
this  mirror,  it  will  be  reflected  in  the  direction  o p.  m m is  some  kind  of 
scale,  say  a metre  (divided  into  millimetres),  and  f is  a telescope ; an  eye  look- 
ing through  F will  see  the  division  at  Q.  Another  way  of  using  the  scale  is  to 
replace  the  telescope  by  a lamp  which  will  send  a beam  of  light  first  to  the 
mirror  and  thence  to  the  scale.  From  the  drawing  it  may  be  seen  that  the  spot 
of  light  will  move  farther  along  the  scale  the  greater  the  angle  through  which 
the  mirror  is  turned.  It  will  be  noticed  also  that  very  slight  turnings  of  the 
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Fig.  125.— The  Mirror  and  Scale. 


mirror  correspond  to  very  considerable  distances  on  the  scale,  and  these  dis- 
tances become  greater  the  farther  the  scale  and  telescope  are  removed  from  the 
mirror.  Suppose  the  mirror  s s fastened  to  the  magnet  n s,  even  the  slightest 
motion  of  the  magnet  will  be  recorded  by  the  spot  of  light  reflected  on  to  the 
scale  from  the  mirror. 

The  reflecting  galvanometer  originally  constructed  by  Weber  is  shown  in  Fig. 
126  ; //I  are  the  terminals  of  the  coils  ; n the  needle ; ^ k the  box  containing  the 
mirror.  The  instrument  has  since  undergone  many  alterations,  although  the 
principle  has  remained  the  same.  Wiedemann  somewhat  improved  upon  it 
by  giving  it  a mirror  of  steel,  which  he  then  magnetised ; so  that  mirror  and 
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magnet  consisted  of  one  piece.  In  England  and  America  a form  devised  by 
Lord  Kelvin  is  chiefly  used.  Fig.  127  represents  an  instrument  manufactured 
by  the  firm  of  Siemens  and  Halske,  of  Berlin,  in  which  the  magnet  m has  a peculiar 
form ; it  is  made  of  a hollow  steel  cylinder,  open  at  one  end,  and  closed  by  a 


Fig.  126.  Weber’s  Reflecting  Galvanometer.  Fig.  127. — Siemens  and  Halske’s  Galvanometer. 


hemisphere  of  the  same  metal  at  the  other  end.  This  cylinder  is  cut  open 
through  its  length,  and  magnetised  in  such  a manner  that  the  north  and  south 
poles  n s are  at  the  open  end.  The  bell  magnet  (as  it  is  called)  has  this  ad- 
vantage, that  without  diminishing  the  magnetic  moment,  the  moment  of  inertia 
becomes  less.  The  magnet  hangs  in  the  cylindrical  bore  of  a massive  copper 
ball  K,  and  is  connected  with  the  mirror  s by  means  of  a small  rod  of 

F * 


138  Electricity  in  the  Service  of  Man. 

aluminium,  r r are  the  coils,  and  K ic  the  screws.  The  frame  f has  levelling 
screws  for  adjustment.  It  has  been  stated  that  the  magnet  swings  in  a more  or 
less  massive  copper  case  ; to  understand  the  reason  for  this,  we  must  here  give 
an  explanation  which  will  be  repeated  more  fully  at  a later  stage.  It  has  been 
stated  that  electrical  currents  are  generated  in  a closed  circuit  near  a moving 
magnet.  These  currents  either  attract  or  repel  the  poles  of  the  magnet, , accord- 
ing to  their  direction  ; they  attract  when  the  magnet  moves  away,  and  repel 
when  the  magnet  approaches.  In  both  cases  they  resist  the  motion.  This 
soon  causes  the  magnet  to  cease  swinging  and  assume  its  fixed  position. 
This  deadening  of  the  oscillation  is  the  more  effective  the  less  the  resistance 
the  neighbouring  conductor  offers  to  the  induced  electrical  currents,  and  this 
is  the  reason  why  such  a magnet  ought  to  be  surrounded  by  a mass  of  copper. 

The  instruments  we  have  already  described  enable  us  to  detect  even  the 
weakest  currents  ; but  for  quick  and  direct  measurements  of  such  powerful  cur- 
rents as  electrical  industry  makes  use  of  now-a-days,  they  are  insufficient.  When, 
therefore,  the  measurement  of  these  large  currents  began  to  be  of  importance  in 
the  development  of  electrical  science,  it  became  necessary  to  modify  the  instru- 
ments already  explained  so  as  to  adapt  them  to  the  new  requirements.  The 
fundamental  principles  employed  remained  the  same,  but  the  modifications 
introduced,  owing  to  the  larger  forces  called  into  play,  were  such  as  to  give  rise 
to  quite  a distinct  class  of  instruments.  The  description  of  such  will  be  re- 
served for  the  Technical  section. 

Keys  and  Connectors. — In  tracing  the  effects  of  currents  we  shall 
have  occasion  to  mention  connectors  of  various  kinds.  A key  is  an  instrument 
which  is  used  when  the  circuit  has  occasionally  to  be  closed  or  broken.  A plug 
is  better  than  a key  when  a portion  of  the  apparatus  has  to  be  permanently  thrown 
out  or  brought  into  the  circuit.  {See  resistance  box,  Fig.  117.)  K switch  is  a kind 
of  key  which  enables  us  to  divert  a current  from  one  wire  to  another.  A com- 
mutator enables  us  to  send  a current  through  a given  instrument,  first  in  one  ^ 
direction,  then  in  the  other.  We  frequently  require  to  make  and  break  contact  ’ 
suddenly,  and  it  would  be  very  troublesome  to  have  to  remove  the  wires  to 
effect  the  change.  Instruments  are  used  for  the  purpose  called  contact-breakers. 

Fig.  128  represents  the  instrument  known  as  Dubois’  key,  in  which  contact  is 
made  by  a brass  pieceq  that  can  be  moved  in  the  direction  shown  by  the  doUed  lines. 

Pohl’s  gyrotrope,  or  commutator,  is  shown  in  Fig.  129.  Six  hemispherical 
holes  are  made  in  a board,  and  filled  with  mercury ; those  numbered  5 and  2 and 
those  numbered  3 and  6 are  connected  with  each  other  by  means  of  copper  wire. 
Into  I and  4 dip  pointed  copper  bars  m and  n,  which  have  a glass  bar  separating 
them.  The  two  metal  rods  c d dead,  a b are  arranged  in  arcs  as  shown  in  the  figure. 
When  in  use,  the  poles  of  the  battery  dip  into  i and  4.  Into  2 and  3,  or  5 and 
6,  dip  the  poles  of  the  circuit  s ; when,  as  in  the  diagram,  2 and  3 are  in  contact 
with  the  circuit,  the  current  from  the  battery  in  i will  reach  2 through  m a, 
pass  the  circuit  s,  and  reach  3 ; pass  ^ and  n,  reach  4,  and  will  then  flow  back 
again  to  the  battery.  If  now  we  want  to  change  the  direction  of  the  current  in  s, 
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Fig.  128. — Dubois’  Key.  Fig.  129. — Pohl’s  Commutator. 

it.  The  way  in  which  the  copper  plate  is  fastened  to  the  cylinder  is  shown  in 
the  separate  portion  of  the  diagram.  The  axis  of  the  cylinder  consists  of  the 
two  pieces  e and  g,  which  are  insulated  from  each  other.  The  copper  plate  is 
fastened  by  means  of  metal  screws  to  the  cylinder  in  the  following  manner  : S| 
and  Sg  are  in  contact  with  the  metal  axes  e and  g respectively,  while  the 
remaining  two  screws  only  reach  the  insulating  substance  of  the  cylinder.  The 
screw  Sj  connects  the  copper  plate  % with  the  axis  e,  and  the  screw  Sg  connects 
the  copper  plate  Kg  with  the  axis  g.  The  binding  screws  a and  b are  fastened 
upon  the  copper  springs  and  /g.  When  the  cylinder  is  turned  so  that  the  two 
copper  plates  are  at  the  top  and  bottom  respectively,  both  springs  lie 
upon  the  insulating  cylinder,  and  hinder  the  current  from  passing ; in  other 
words,  they  break  contact.  When  the  cylinder  is  now  turned  so  that  the  two 
copper  plates  stand  horizontally  or  at  the  side,  one  spring  lies  upon  one  of  the  ' 
copper  plates,  and  the  current  may  pass  through  the  commutator  in  one  or 


all  we  have  to  do  is  to  let  d and  b dip  into  5 and  6.  The  current  now 
flows  from  i,  through  m and  b into  6,  passes  by  means  of  the  copper  wire  into 
3,  flows  through  the  circuit  backwards  into  2,  through  the  second  copper  rod 
(having  one  side  insulated)  into  5,  and  through  d and  n back  to  the  battery. 

The  same  result  is  obtained  by  Ruhmkorff  in  a different  manner  by  means  of 
his  commutator,  shown  in  Fig.  130.  w is  a cylinder,  consisting  of  a non-con- 
ducting substance,  such  as  ebonite,  having  a semi-cylindrical  plate  of  copper  round 
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the  other  direction.  This  instrument,  therefore,  may  be  used  as  a contact- 
breaker  as  well  as  a current-reverser.  When  the  spring  is  in  contact  with  Kj 
and  /a  with  Ko,  the  current  takes  the  following  route.  It  enters  at  a,  passes 
through  die  copper  plate  Kj^,  and  the  screw  jj,  and  then  reaches  the  axis  e, 
along  which  it  flows  to  the  metal  support  and  the  screw  c.  It  then  flows 
through  the  ciicuit,  enters  the  axis  ^ at  ^ through  the  other  support,  then  to 
the  screw  j,,  to  K2,  toy^,  and  finally  through  the  screw  b back  again  to  the  battery. 
If  now  we  give  the  cylinder  a turn  of  i8o“,  so  that  Kj  is  in  contact  with/g,  and  k, 
with  the  current  will  flow  through  the  circuit  in  the  opposite  direction. 


Fig.  130. — RuhmkorfFs  Commutator. 


The  current  reaches  the  instrument  again  at  a,  enters /j,  which  is  now  connected 
with  Kg,  passes  then  from to  the  screw  jg,  from  there  to  g and  d,  and  then 
through  the  circuit  r,  the  axis  e,  the  screw  the  copper  strip  Kj,  the  spring 
/g,  the  screw  b,  and  back  again  to  the  battery. 

Forms  of  contact-breakers  and  switches  used  in  electrical  engineering  will  be 
described  in  the  technical  section. 


EFFECTS  OF  A CURRENT  WITHIN  THE  CIRCUIT. 


Heating  Effects.  — A short  time  after  the  discovery  of  the  galvanic 
current  it  was  observed  that  a wire  which  has  a current  passing  through  it  may 
become  considerably  heated.  Davy  (1778-1829)  knew  that  the  heating  becomes 
the  more  noticeable  the  stronger  the  current  and  the  greater  the  resistance  of 
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the  wire  ; but  exact  investigations  were  first  made  by  Joule  (1841).  To  show 
that  a wire  becomes  heated  when  a current  passes  through  it,  he  used  the 
apparatus  shown  in  Fig-  13^’  The  thermometer  s has,  instead  of  the  ordinary 
bulb  for  the  mercury,  a tube  g bent  in  spiral  form.  The  lower  end  of  this  tube 
has  a platinum  wire  fused  into  the  glass,  and  connected  with  the  binding  screw 
• a platinum  wire  is  also  fused  into  the  glass  at  and  connected  with  ko- 
AVhen  the  poles  of  a galvanic  battery  are  attached  to  and  k„,  the  current  will 
have  to  pass  through  the  mercury  in^.  The  mercury,  becoming  heated,  will 
expand,  and  the  extent  of  the  expansion  will  be  shown  by  the  rising  of  the 
mercury  in  the  tube  r.  Joule  also  measured  the  heating  effect  of  a current 


on  a wire  in  other  ways.  One  of  his  plans  consisted  in  winding  a wire 
round  a very  sensitive  thermometer,  and  immersing  it  in  water.  By 
this  means  he  found  the  following  to  be  the  law : the  heat  generated  in  a 
conductor  by  a current  is  directly  proportional  to  the  resistance  of  the  con- 
ductor. He  further  thought  that  the  heat  generated  in  a certain  wire  at 
the  same  time  by  a current  changing  its  strength  must  be  proportional  to  the 
square  of  the  strength  of  current.  Experiments  made  by  others  confirmed 
this  conclusion,  and  the  law,  known  under  the  name  of  Joule’s  law,  is  as 
follows  ; the  quantity  of  heat  generated  in  a certain  time  in  any  part  of  the 
circuit  is  directly  proportional  to  the  resistance  of  this  part  of  the  circuit  and  to 
the  square  of  the  strength  of  the  current.  Experiments  made  by  Becquerel 
and  Lenz  confirmed  Joule’s  law ; the  apparatus  Lenz  used  for  the  experiments  is 
shown  in  Fig.  132.  It  is  an  inverted  bottle’  and  stopper.  The  stopper  s is 
fastened  upon  the  support  n o,  and  the  bottle  G h is  made  to  fit  it  tightly.  Two 
platinum  wires  are  passed  through  the  stopper,  terminating  in  little  cubes  of  pla- 
tinum ; to  these  platinum  cubes  a platinum  spiral  is  fastened.  The  bottle  G h is 


Fig.  131. — ^Joule’s  Current  Calorimeter.  Fig.  132. — -Lenz’s  Current  Calorimeter. 


142 


Electricity  in  the  Service  of  Man. 


filled  with  alcohol  (water  being  too  good  a conductor  of  electricity  for  this 
purpose),  and  a very  sensitive  thermometer  k is  tightly  fitted  into  the  bottle. 
By  this  apparatus  it  was  proved  that  Joule’s  law  holds  good,  not  only  for  solid 
bodies,  but  for  fluids  also.  If  C be  the  strength  of  the  current  and  R the 
resistance  between  two  points  of  the  current  having  a difference  of  potential  E, 
then  the  heat,  measured  electrically,  which  is  produced  per  second  between  these 
points,  is  R or  C E (for  by  Ohm’s  law  C R = E). 

From  Joule’s  law  we  can  make  an  interesting  deduction.  We  know  that  on 
the  one  hand  the  amount  ot  zinc  consumed  in  a battery  in  any  time  is  pro- 
portional to  the  time  and  to  the  strength  of  the  current ; on  the  other  hand,  if 
we  do  not  vary  the  e.  m.  f.,  the  heat  .produced  is  also  proportional  to  the 
same  two  factors.  It  follows  that  the  generated  heat  must  be  proportional  to 
the  quantity  of  zinc  consumed.  Favre,  who  more  fully  investigated  the  subject, 
found  that  33  kilogrammes  of  zinc  used  in  a cell  gave  18 ’160  heat  units, 
or  calories.  (A  heat  unit,  or  calorie,  is  that  quantity  of  heat  which  is  required  to 
raise  i kilogramme  of  water  from  o®  to  1°  C.)  Now  let  us  calculate  what 
quantity  of  heat  will  be  strictly  equivalent  to  the  energy  of  chemical  separation 
liberated,  or  of  chemical  combination  absorbed.  For  the  quantity  of  heat  when 
zinc  dissolves  in  sulphuric  acid  (that  is,  in  the  formation  of  zinc  sulphate)  the 
following  result  is  obtained  by  using  the  tables  of  Favre  for  the  number  of  heat 
units  evolved  or  absorbed  in  the  combinations  that  take  place  in  the  case  before  us. 

By  the  conversion  of  zinc  to  zinc  oxide  ...  ...  ...  42’45i  calories. 

By  the  formation  and  solution  of  zinc  sulphate  ...  ...  lo'zgz  ,, 

Total  ...  52743 


When  zinc  dissolves  in  H2SO4,  i gramme  of  H is  liberated  as  well.  This 
takes  up  34’462  calories  of  heat,  the  equivalent  of  the  energy  of  chemical 
separation.  This  amount  has  to  be  deducted  from  the  above ; we  then  obtain  as 
the  heat  units  generated  by  the  chemical  process  52743 — 34‘462  = i8'28i 
calories.  Taking  into  consideration  unavoidable  sources  of  error,  this  result 
agrees  very  nearly  with  the  result  found  by  Favre. 

The  heat  units  generated  by  the  chemical  action  in  constant  batteries  must 
be  to  each  other  as  their  electromotive  forces.  This  can  be  proved  to  be  so 
by  coupling  a Grove’s  cell  with  a Daniell’s.  By  the  conversion  of  an 
equivalent  of  zinc,  52743  heat  units  are  generated.  In  Daniell’s  cell,  for 
every  equivalent  of  dissolved  zinc  an  equivalent  of  copper  is  separated;  for 
this  separation  or  reduction  of  copper  from  copper  sulphate  29-645  units  of 
heat  are  wanted.  We  have,  then,  in  a Daniell’s  cell  52-743-29-645  = 
23-098  heat  units.  In  Grove’s  cell  corresponding  to  the  amount  of 
dissolved  zinc  sulphate,  a quantity  of  nitric  acid  is  reduced  to  nitric  oxide  ; 
for  this  reduction  6-900  calories  are  needed,  and  we  obtain  for  the  total  quantity 
of  heat  in  a Grove  cell  52-743-6,900  = 45-843  heat  units.  The  proportion  of 
the  two  would  be  which  gives  us  the  figures  1-9,  which  is  the  proportion 
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of  their  e.  m.  f.s.  The  total  amount  of  heat,  then,  generated  in  a cell  is 
proportional  to  the  amount  of  zinc  used,  and  is,  according  to  Helmholtz, 
equal  to  that  quantity  of  lieat  energy  which  becomes  free  by  the  chemical 

action  in  the  cell.  If  the  cell  is  short-circuited,  the  whole  of  the  chemical 

energy  liberated  appears  as  heat  energy  in  the  cell  and  in  the  short-circuiting 
wire.  It  is  impossible  to  destroy  energy,  and  all  we  can  do  is  to  change 

it  into  some  other  form  of  energy.  Here,  in  our  case,  the  galvanic 

current  shows  no  other  result  of  the  energy  of  the  current  except  that  of 
heat.  This  explains  why,  according  to  Joule’s  law,  electric  energy  must  be 
converted  into  heat. 

By  generating  heat  in  the  different  parts  of  a circuit,  the  temperature  of  these 
parts  must  be  increased  ; upon  what  does  the  temperature  of  the  parts  in  the 
circuit  depend?  The  temperature  of  any  body  depends  upon  the  difference 
between  the  quantity  of  heat  it  generates  within  itself,  or  obtains  from  without, 
and  the  quantity  of  heat  it  loses  to  surrounding  bodies.  The  temperature  of 
a body  becomes  constant  as  soon  as  the  heat  received  or  generated  is  equal  to 
that  radiated.  Joule’s  law  tells  us  upon  what  the  quantity  of  the  heat  generated 
in  any  wire  depends,  and  we  know  from  experiments  on  radiation  that  the  loss 
of  heat  depends  upon  the  nature  and  extent  of  the  surface  of  the  body,  and  the 
difference  of  temperature  between  the  body  and  its  surroundings.  The  temper- 
ature of  a wire  depending  upon  the  quantity  of  heat  generated  and  the  heat 
radiated,  will  be  the  higher  the  greater  the  current  and  its  own  resistance,  and 
the  smaller  its  surface  and  power  of  radiation.  When  these  conditions  are 
fulfilled  the  wire  will  pass  to  a red  heat,  then  to  a white  heat,  and  will  finally 
fuse.  A thin  wire,  therefore,  is  easily  made  red-hot  : its  resistance  on  the  one 
hand  is  very  high;  on  the  other  hand  its  surface  for  radiating  heat  is  only 
small. 

The  heating  of  wires  by  the  galvanic  current  may  be  shown  by  connecting 
the  wires  of  a battery  (short  thick  copper  wires)  with  a thin  platinum  or  iron 
wire.  The  resistance  in  the  battery  is  reduced  as  much  as  possible  by  selecting 
cells  with  large  plates,  or  if  large  plates  are  not  handy,  by  arranging  small 
plates,  not  in  series,  but  in  parallel  order.  With  these  conditions  it  is  possible 
to  cause  most  of  the  heat  generated  by  the  current  to  show  itself  in  the  platinum 
wire. 

The  total  quantity  of  heat  generated  in  the  circuit  is  proportional  to  the 
amount  of  zinc  consumed  in  the  battery ; the  current,  as  we  have  seen,  is  the 
same  in  all  parts  of  the  circuit.  It  follows  that  the  quantities  of  heat  generated 
in  different  parts  of  the  circuit  depend  only  upon  the  resistance  of  these  parts. 
If,  therefore,  we  wish  to  produce  heat  only  in  one  of  these  parts,  that  particular 
part  must  have  a great  resistance,  whilst  the  resistance  of  all  the  other  parts 
of  the  circuit  must  be  reduced  as  much  as  possible.  It  has  been  mentioned 
that  different  bodies  possess  different  specific  resistances  : hence,  in  the  heating 
of  bodies  by  means  of  the  galvanic  current,  different  temperatures  must  be 
reached  when  bodies  having  the  same  dimensions,  but  consisting  of  different 
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materials,  are  taken.  That  this  really  is  the  case  may  be  shown  by  arranging 
platinum  and  silver  wires  as  in  Fig.  133.  It  will  be  found  that  the  platinum 
links  begin  to  glow,  whilst  the  silver  links  show  no  visible  sign  of  heat.  We 
shall  discuss  the  laws  regarding  incandescence  of  wires,  etc.,  in  the  second  portion 
of  this  work.  It  has  been  mentioned  that  the  surrounding  medium  affects  the 
heating  of  a wire ; for  instance,  Grove  heated  a platinum  wire  in  air,  and  then 


Fig.  133. — Heating  Effect  of  Current  on  Platinum  and  Silver, 


Fig.  I3<. — Peltier’s  Bar. 

introduced  the  red-hot  wire  into  a vessel  filled  with  hydrogen ; the  wire  lost  its 
red  heat  immediately. 

The  Peltier  Effect  at  a Junction  of  Metals. —Peltier  found  that 
when  a rod,  consisting  half  of  bismuth,  half  of  antimony,  is  heated  at  the 
junction  of  the  metals,  and  the  two  ends  are  connected  by  a wire,  a current 
flows  through  the  whole  system  and  the  current  flows  across  the  junction 
from  bismuth  to  antimony ; when  the  junction  is  cooled  the  current  flows  in  the 
opposite  direction.  If,  however,  a current  is  sent  through  such  a rod  in  the 
direction  from  bismuth  to  antimony,  the  junction  becomes  cooled;  when  the 
current  flows  from  antimony  to  bismuth  the  junction  is  heated.  If  the  heating 
of  a junction  produces  a current  in  one  direction,  sending  a current  in  that  • 
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direction  will  cause  a cooling  of  the  junction.  This  phenomenon  not  only  takes 
place  at  the  junction  of  bismuth  and  antimony,  but  with  all  combinations  of 
metals  which  are  thermo-electrically  effected.  To  study  these  phenomena  the 
experiment  may  be  arranged  as  shown  in  Fig.  134-  The  free  ends  of  the 
bismuth-antimony  rod  w a are  connected  by  means  of  wires  with  the  "Middle 
mercury  cups  of  Pohl’s  commutator  G.  The  wires  dipping  mto  the  first 
mercury  cups  are  connected  with  a galvanometer,  and  the  remaining  wires  with 
the  cell  E If  now  we  allow  the  current  to  pass  from  bismuth  to  antimony, 
the  junction  will  be  cooled.  This  causes  a thermo-electrical  difference  in  the 
rod  w A,  which  is  made  manifest  by  the  deflection  of  the  needle  when  the 


commutator  is  reversed  so  as  to  cut 
out  the  cell  and  bring  in  the  galvano- 
meter. In  the  same  manner  the  heat- 
ing of  the  junction  may  be  shown  by 
sending  the  current  in  the  opposite 
direction,  that  is,  from  antimony  to 
bismuth.  Another  arrangement  is 
shown  in  Fig.  135  (Peltier's  cross). 

Bars  of  antimony  and  bismuth  a and 
w are  arranged  in  the  form  of  a cross, 
and  soldered  at  the  place  of  contact. 

If  a current  from  a Daniell’s  cell  is 
sent  in  the  direction  v>  b e a v>,  the 
junction  e will  be  cooled ; if,  then, 
this  circuit  be  interrupted,  a thermo- 
current will  flow  through  the  'galvano- 
meter circuit  d ec'B.  The  heating  and 
cooling  of  a junction,  when  a galvanic  current  is  sent  through  it,  may  be 
shown  directly  by  placing  the  junction  of  a bismuth-antimony  bar  in  the 
globe  of  Riess’s  air  thermometer  already  described.  Cooling  by  means  of  the 
galvanic  current  was  shown  by  Lenz  very  effectively  in  the  following  manner : 
he  soldered  a bismuth-antimony  rod,  as  shown  in  Fig.  134,  and  bored  a small 
hole  at  the  junction.  The  bar  was  placed  in  melting  snow,  and  the  hole  filled 
with  water.  When  the  rod  was  at  a temperature  of  0°,  Lenz  passed  a current  in 
the  direction  from  bismuth  to  antimony,  and  five  minutes  afterwards  the  water 
in  the  hole  was  frozen,  and  reduced  to  a temperature  of  - 4*4°  C. 

In  order  to  complete  the  law  for  the  amount  of  heat  developed  in  any  part  of 
the  circuit,  it  is  evident  therefore  that  we  must  take  account  of  the  Peltier  effects 
at  the  junction  in  this  part.  If  the  heating  of  the  junction  produces  an  e.  m.  f. 
of  P units,  then  the  heat,  measured  electrically,  which  is  produced  in  t seconds 
in  this  part  of  the  circuit  will  be  C®  R/  -t-  P C/. 

Lighting  Effects  of  the  Galvanic  Current. — When  the  circuit  of  a 
galvanic  battery  is  interrupted  at  any  place,  a spark  will  be  seen  similar  to  the  one 
obtained  from  a Leyden  jar.  Galvanic  sparks  are  produced  when  one  wire  of  a 


Fig.  135. — Peltier’s  Cross. 
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battery  is  connected  with  a file,  and  the  other  wire  is  rubbed  over  it.  The 
sparks  are  obtained  most  easily  with  metals  that  evaporate  or  burn  at  the  place  , 
of  interruption.  The  latter  happens  when  the  iron  file  of  the  one  pole  is  stroked 
with  the  other  pole ; the  former  (evaporation)  takes  place  when  one  pole  dips 
into  mercury  and  the  other  is  taken  out  from  it.  The  colour  of  the  spark 
depends  upon  the  metals  which  happen  to  be  at  the  place  of  interruption. 
The  galvanic  spark,  however,  is  not  observed  when  the  circuit  of  a battery 
consisting  of  a few  cells  is  made.*  In  this  case  we  may  explain  the  com- 
mencement of  the  spp^rk  when  the  circuit  is  gradually  broken  as  follows. 


We  know  that  a wire,  through  which  a current  flows,  glows  most  intensely 
when  its  cross  section  is  smaller.  Such  a diminution  of  section  takes  place 
always  when  the  circuit  of  a galvanic  battery  is  interrupted ; the  cross  section  is 
diminished  more  and  more  as  fewer  and  fewer  parts  touch  each  other,  and 
finally,  the  few  parts  still  in  contact  begin  to  glow,  fuse,  burn,  or  evaporate ; the 
burning  or  evaporating  particles  then  form  the  galvanic  spark.  In  this  way  we 
are  able  to  explain  why  no  spark  appears  either  when  the  circuit  is  closed  or 
when  the  terminals  are  separated  by  any  appreciable  distance. 

The  Voltaic  Arc. — In  addition  to  this  glow  where  the  wires  touch, 
galvanic  batteries  are  able  to  give  sparks  like  those  from  a Leyden  jar  when  a 
great  number  of  cells  are  combined.  Crosse  obtained  sparks  at  the  place 
of  interruption  in  a battery  of  1,626  copper-zinc  cells.  Gassiot  saw  for  days 
sparks  pass  from  a battery  of  3,520  cells,  the  distance  between  the  poles 

* Jacobi  brought  the  poles  of  a twelve-cell  zinc  platinum  battery,  by  means  of  a micrometer 
screw,  to  a distance  of  o'ooiay  millimetre  without  obtaining  a spark. 
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being  o-oi  inch.  Sparks  can  be  made  to  pass  continually  without  using  such 
large  batteries,  by  bringing  the  poles  of  a powerful  battery  together,  and  then 
leaving  them  at  a short  distance  from  each  other ; we  obtain  then  what  is  known 
under  the  name  of  the  voltaic  arc.  The  first  who  observed  this  phenomenon 
was  probably  Davy  (1802).  Davy  attached  to  the  poles  of  a battery  of  2,000 
cells  carbon  rods,  which  he  first  allowed  to  touch  each  other,  then  separated 
them.  When  the  distance  of  the  carbons  from  each  other  was  4 inches  he 
obtained  a splendid  arc  of  light.  A very  good  effect  is  obtained  by  using  20 
to  ^o  Grove’s  or  Bunsen’s  cells.  The  length  of  the 

O ^ 

arc,  that  is,  the  distance  of  the  carbon  points 
from  each  other,  may  be  ascertained  by  means 
of  the  apparatus  devised  by  Wiedemann,  shown 
in  Fig.  136.  G is  a bell-jar,  which  fits  the  air- 
pump  plate  T air-tight,  and  has  at  the  top  a stop- 
cock H,  by  means  of  which  the  outer  air  can  be 
cut  off.  The  rods  a and  b carry  the  carbon 
points.  The  rod  a goes  through  the  stuffing- 
box  s,  and  has  a scale  to  indicate  the  distance 
of  the  points  from  each  other.  When  the  air 
is  exhausted  in  the  bell-jar  the  points  may  be 
removed  farther  from  each  other  without  destroy- 
ing the  arc  than  when  the  jar  is  filled  with 
ordinary  air  under  ordinary  pressure.  Davy  ex- 
hausted the  air  to  0-25  inch  pressure,  and  moved 
the  carbon  points  from  4 '3  inches  to  7 inches 
distance  from  each  other.  Deprez  found  that 
with  a vertical  arrangement  of  the  carbons  the 
arc  becomes  larger  whei?  the  positive  pole  is 
above  the  negative  pole.  The  arc  is  greatly 
influenced  by  the  material  used  for  points,- and 
it  has  been  observed  that  the  more  volatile  the 
material  of  which  the  electrodes  are  made,  the 
more  easily  is  the  arc  obtained.  It  is  difficult  to 
obtain  an  arc  with  platinum  points ; easier  with 

points  consisting  of  metals  such  as  zinc,  etc.  • easiest  with  carbon  points,  especially 
when  saturated  with  some  salt  solution.  Casselmann  obtained,  with  a 44-cell 
Bunsen  battery,  an  arc  ot 8 inch  long  when  he  used  carbon  points,  but  an  arc 
of  double  that  length  when  he  soaked  his  carbons  in  a solution  of  potash. 

Fig.  137  represents  the  carbon  points  a short  time  after  production  of  the  light. 
The  positive  electrode  forms  a cavity  giving  out  the  total  quantity  of  light  in 
directions  corresponding  to  the  cavity,  and  therefore  embraced  within  an  angle 
of  about  65“,  whilst  the  negative  electrode  remains  almost  pointed,  and  therefore 
sends  its  rays  of  light  in  all  directions.  On  both  electrodes  little  globules 
g are  often  noticed,  which  are  metallic  impurities,  and  do  not  appear  when 


Fig.  137. — Carbon  Points  of  Arc 
Light. 
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pure  carbon  points  are  used.  As  the  positive  electrode  wastes  away  more 
quickly  than  the  negative,  attempts  have  been  made  to  make  it  of  harder 
substance  \ but  it  has  been  found  that  the  arc  then  becomes  as  difficult  to 
light  as  if  both  electrodes  were  made  of  the  harder  material.  Breda  has  proved, 
by  making  use  of  two  different  metals,  as  well  as  by  weighing,  that  no  particles 
are  carried  away  from  the  negative  electrode.  The  voltaic  arc,  therefore,  is  a 
mass  of  incandescent  particles  of  the  electrodes,  moving  chiefly  in  the  direction 
from  the  positive  electrode  to  the  negative.  The  intensity  of  the  arc  light,  and 
the  evaporation  of  even  the  hardest  metals  by  means  of  it,  prove  its  temperature 
to  be  a very  high  one ; perhaps  the  highest  we  are  able  to  produce.  Not  only 
metals  like  iron,  zinc,  copper,  etc.,  burn  in  it  with  great  splendour,  but  even 
carbon  is  partly  volatilised.  Using  carbon  points  in  a vacuum,  Deprez  found  the  ■ 
carbon  vapour  condensed  in  the  form  of  small  crystals  on  the  inside  of  the  bell- 
jar.  Little  pieces  of  carbon  were  welded  together  by  the  intense  heat  of  the  arc. 

If  we  suddenly  stop  the  current,  we  find  the  positive  electrode  white-hot, 
whilst  the  negative  is  hardly  red-hot.  If  we  produce  an  arc  between  mercury 
and  a wire,  and  when  the  wire  is  the  positive  pole,  we  find  that  the  wire  will  be 
white-hot  a good  distance  up;  if,  on  the  other  hand,  the  mercury  be  the  positive 
pole,  the  wire  remains  dark,  and  the  mercury  becomes  heated  and  evaporates. 
These  experiments  show,  then,  that  different  quantities  of  heat  are  generated 
at  different  poles  ; the  positive  electrode  showing  a considerably  higher  tempera- 
ture than  the  negative  electrode.  Rosetti,  by  using  a Bunsen  battery  of  i6c 
cells  and  a Duboscq’s  lamp,  found  the  temperature  between  the  two  carbon 
points  from  2,500°  to  3,900°  C.,  the  positive  electrode  had  about  2,400°  to 
3,900°,  and  the  negative  from  2,138°  to  2,530  C.  The  temperature  obtained 
with  ten  Bunsen  cells  and  a lamp  by  Reynier  was  2,406°  to  2,734°  C.  The 
statement,  that  one  of  the  advantages  of  the  electric  light  lies  in  keeping  the 
space  where  it  is  employed  comparatively  cool,  is  in  no  way  contradicted  by  the 
above  figures  of  temperature  for  the  heat-giving  surface  of  the  electric  light, 
compared  with  other  sources  of  light,  is  so  small  that  the  total  amount  of  heat 
generated  by  an  electric  light  would  be  far  less  than  that  from  other  sources. 
Siemens  found  that  an  electric  light  of  4,000  candles  produces  i42*5  heat  units 
per  minute.  To  obtain  the  same  amount  of  light  by  means  of  gas  we  should 
require  200  Argand  burners,  which  produce  15,000  heat  units.  The  electric 
light,  therefore,  produces  about  i per  cent,  of  the  heat  which  would  be  produced 
by  gas  lights  of  the  same  intensity. 

For  the  comparison  of  the  intensities  of  the  electric  light  and  sun  light, 
rays  of  each  source  of  light  were  first  collected  by  means  of  convex  lenses, 
and  then  allowed  to  act  upon  a Daguerreotype  plate.  The  times  were  compared 
which  the  ligiit  of  each  source  required  to  produce  the  same  effect.  The 
intensities  of  the  lights  were  then  taken  inversely  proportional  to  the  times. 
This  is  only  a comparison  of  the  effective  chemical  rays,  the  electric  light 
being  relatively  richer  in  these  than  sun  light ; the  proportions  given  are 
not  correct,  therefore.  The  relative  wealth  of  the  electric  light  in  effective 
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chemical  rays,  to  which  especially  the  violet  rays  are  connected,  was  proved  by 
spectrum  analysis.  If  different  substances  in  the  form  of  vapour  be  made  to 
glow,  and  then  the  rays  of  light  which  the  vapours  send  out  be  examined,  it 
will  be  found  that  each  substance  has  its  characteristic  .spectrum.  When  the 
electric  light  is  examined  in  this  manner,  the  characteristic  spectrum  for  the 
substance  chemically  composing  the  electrodes  is  obtained.  After  the  electrodes 
have  touched  each  other,  and  are  then  separated,  a spark  passes.  This  spark 
is  produced  at  first  in  the  way  described.  By  removing  the  surfaces  that  are  in 
contact  from  each  other  we  lessen  the  cross  section  of  the  circuit  more  and 
more,  until  the  cross  section  becomes  so  small  that  the  particles  still  touching 
each  other  begin  to  glow,  and  are  carried  away  by  the  current.  When  now 
the  two  electrodes  are  separated  a very  little  distance  from  each  other,  the 
glowing  particles  form  a bridge  between  the  two  electrodes,  and  the  current 
can  pass  through  this  stream  as  a conductor,  although  a bad  one.  The  tearing 
off  of  the  particles,  once  commenced  by  the  spark,  continues,  and  will  be  the 
more  easily  maintained  the  more  easily  tlie  electrode  particles  can  be  torn  off  j 
in  other  words,  the  more  readily  the  material  of  the  electrode  volatilises  the 
farther  may  the  electrodes  be  separated  from  each  other.  If,  however,  the 
distance  is  increased  beyond  a certain  limit  the  particles  are  no  longer 
capable  of  flying  from  the  one  electrode  to  the  other,  and  the  current  is 
interrupted ; the  arc  dies  out,  and  can  only  be  lighted  again  by  bringing  the 
two  points  together.  Le  Roux  found  that  the  current  might  be  interrupted 
for  not  more  than  one-twenty-fifth  of  a second  without  the  light  dying  out. 
We  may  conclude  from  this  that  the  current  does  not  cease  when  the  arc  of 
light  is  formed.  The  resistance  of  the  arc  seems  to  be  only  very  slight;  in  fact, 
the  current  must  be  conducted  by  it.  The  measures  obtained  by  different 
observers  for  the  resistance  in  the  arc  vary  very  much,  but  the  cause  of  the 
discrepancy  will  be  found  in  the  nature  and  behaviour  of  the  arc  itself,  which 
we  shall  explain  farther  on.  Siemens  takes  the  resistance  to  be  i (Siemens’ 
unit);  Schellen,  from  30  to  40;  Hagenbach,  475;  Uppenborn  found  for 
the  ordinary  arc  light  2 and  incandescent  light  4 Siemens’  units ; Edlund, 
varying  the  length  of  the  voltaic  arc,  found  the  following  values  : 

Length  of  arc  2 millimetres  a resistance  7'8 

jj  ^ ^ ))  ,,  7 ^ 

..  i'2  ,,  ,,  7'3 

..  0-8  „ ,,  7'i 

>i  ® 4 >>  >)  6'q. 

These  experiments  show  that  the  resistance  does  not  entirely  depend  upon 
the  length  of  the  arc ; there  must  be  another  agent  which  helps  to  weaken  the 
current.  This  agent  was  found  to  be  an  e.  m.  f.  which  is  generated  in  the 
arc,  and  opposes  the  galvanic  current  that  produces  the  arc.  This  opposing 
force  is  measured  as  resistance,  and  is  one  of  the  chief  causes  that  such  different 
results  are  obtained. 
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Edlund  proved  directly  the  presence  of  an  opposing  electromotive  force. 
The  current  that  produced  the  arc  was  suddenly  interrupted  (it  has  been  stated 
that  the  arc  does  not  die  out  immediately  after  the  current  ceases),  and  at  that 
moment  a galvanometer  was  connected  with  the  two  carbons.  The  deflections 
of  the  needle  indicated  the  opposing  current. 

Chemical  Effects  of  the  Galvanic  Current. — We  have  frequently 
had  occasion  to  mention  certain  chemical  effects  of  the  electric  current,  namely? 

the  decomposition  of  compounds  into  simple 
bodies,  or  the  production  of  compounds 
from  simple  gases  by  means  of  the  current ; as, 
for  instance,  the  separation  of  iodine  from  po- 
tassium iodide,  or  precipitation  of  copper  from 
cupric  sulphate.  These  changes  are  more  dis- 
tinctly and  powerfully  brought  about  by  gal- 
vanic-batteries and  other  electrical  machines, 
whicft  we  shall  have  occasion  to  describe  later 
on.  Carlisle  (1800)  dipped  a copper  wire 
which  was  connected  with  one  of  the  poles  of 
a voltaic  pile  into  a drop  of  water,  which  hap- 
pened to  be  on  the  plate  connected  with  the 
other  pole ; gas  bubbles  appeared,  and  the 
drop  of  water  became  smaller  and  smaller. 
This  experiment  was  repeated  in  a somewhat 
different  manner,  the  brass  wires  from  a pile 
being  brought  under  a tube  filled  with  water,  and 
closed  at  the  top.  Gas  bubbles  were  produced 
by  the  wire  in  connection  with  the  negative 
pole  of  the  pile,  and  the  water  was  observed 
to  gradually  diminish.  At  the  positive  wire,  on 
the  contrary,  no  gas  came  off,  but  the  metal 
lost  its  metallic  lustre,  became  dark,  and 
finally  crumbled  away.  The  gas  which  had 
collected  in  the  tube  proved  to  be  H ; while . on  examining  the  black  mass  it 
was  found  that  the  constituents  of  brass,  viz.  copper  and  zinc,  had  become 
oxidised. 

In  order  to  obtain  O in  a gaseous  form,  a metal  must  be  taken,  such  as 
platinum,  that  does  not  oxidise.  The  gases  can  then  be  collected  in  different 
tubes,  the  hydrogen  tube  receiving  twice  as  much  gas  as  the  oxygen  tube ; 
since  water  consists  of  two  vols.  of  H and  one  vol.  of  O,  it  follows  that  the 
galvanic  current  decomposes  water  into  its  constituents.  H is  always  evolved 
at  the  negative  pole  of  the  battery,  and  O at  the  positive  pole.  Several  forms 
of  apparatus  for  the  decomposition  of  water  have  been  devised ; one  of  which 
is  represented  in  Fig.  138.  Water  here  is  sucked  at  a into  the  tubes//;  as 
chemically  pure  water  has  so  great  a resistance  as  almost  to  force  us  to  consider 
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it  a non-conductor,  it  is  generally  acidulated  with  sulphuric  acid,  H2SO4.  The 
smallest  amount  of  acid  diminishes  the  resistance  considerably. 

Faraday’s  Nomenclature. — Faraday  called  the  compound  to  be  de- 
composed an  electrolyte,  and  the  process  electrolysis.  The  poles  or  plates  m 
contact  with  the  water  he  called  electrodes.  At  the  positive  electrode,  or,  as 
Faraday  called  it,  the  anode,  H is  given  off  3 at  the  negative  electrode,  or  kathode, 
O is  evolved.  The  anode  is  the  wire  through  which  the  positive  current  enters 
the  fluid ; kathode  the  wire  by  which  the  current  leaves  the  fluid.  Hence  in 
electrolysis,  H,  or  the  metallic  element  that  takes  its  place,  is  driven  with 
the  current  through  the  elec- 
trolytic cell.  The  products  of 
decomposition  are  called  ions; 
the  ion  appearing  at  the  ka- 
thode is  called  the  positive  ion, 
or  kathion,  and  the  ion  at  the 
anode  the  negative  ion,  or 
anion. 

Results  of  the  Elec- 
trolysis of  W^ater. — Two 
Daniell’s  cells  at  least  must 
be  used  for  the  decomposition 
of  water ; one  cell  cannot 
effect  it,  for  the  back  e.  m.  f. 
produced  by  the  free  gases 
is  greater  than  that  of  a single 
Daniell’s  cell.  If  these  pre- 
cautions are  taken,  decom- 
position of  water  is  easily 
brought  about.  Oxygen  coming 
off  at  the  anode,  forms,  there- 
fore, the  negative  ion  or  anion,  and  hydrogen  forms  the  kation.  A slight 
inaccuracy  appears  after  decomposition,  that  is,  we  do  not  get  exactly  two 
vols.  of  H to  one  vol.  of  oxygen.  The  reason  is  that  as  it  is  more  soluble  in 
water  than  hydrogen,  more  O will  be  dissolved  than  H.  If  the  water  is  strongly 
acidulated  with  H3SO.J,  the  oxygen  undergoes  a further  modification,  forming 
ozone.  Ozone  is  oxygen  in  a condensed  condition.  It  is  produced  in  com- 
paratively large  quantities  by  the  action  of  electrical  discharges  through  oxygen. 
The  silent  discharge  is  far  more  effective  in  bringing  about  this  transformation 
than  the  spark  discharge.  According  to  Meidinger  and  Schonbein,  the  volume 
of  0 may  further  be  reduced,  under  certain  conditions,  and  another  product 
formed  during  decomposition,  viz.  HoOo,  hydrogen  peroxide.  HgOg  diluted 
with  water  is  used  for  cleaning  pictures  and  taking  away  the  colour  of  hair. 
Water  containing  a great  percentage  of  FI0SO4  may  lose  as  much  as  o’6  per 
cent,  of  O during  the  formation  of  this  compound.  Decomposition  of  water 
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has  already  been  referred  to  as  a means  of  measuring  the  strength  of  a current 
The  apparatus  by  means  of  which  this  may  be  done  is  called  a voltameter,  and 
is  shown  in  Fig.  139.  Water  is  decomposed  in  the  bottle  and  the  gases  are 
collected  in  the  graduated  tube  ; only  one  tube  is  used  here,  as  we  only  require 
to  know  the  volume  of  the  two  gases. 

Examples  of  Electrolysis. — Not  only  can  water  be  decomposed,  but 
so  can  any  fluid  that  will  at  all  conduct  a current.  By  electrolysis,  Davy,  early 
in  the  century,  first  obtained  potassium  and  sodium  from  their  oxides. 
He  heated  potassium  oxide  in  a platinum  spoon  till  it  melted,  used  the  platinum 
spoon  as  anode,  and  put  into  the  molten  potassium  oxide  another  platinum  wire, 
which  represented  the  kathode.  At  the  kathode,  metallic  potassium  was  se- 
parated, and  of  course  at  once  took  fire,  and  at  the  anode  oxygen  was  given  off. 

Davy  also  obtained  potassium  by  bringing  slightly  moistened 
potassium  oxide  between  the  electrodes. 

Seebeck  obtained  potassium  in  the  following  manner : A 
piece  of  solid  potassium  oxide,  in  which  a hole  is  made,  is  laid 
upon  a platinum  plate  serving  as  anode.  The  hole  in  the 
potassium  oxide  is  filled  with  mercury,  and  into  it  a platinum 
wire  is  brought,  to  serve  as  kathode.  As  soon  as  the  circuit 
is  completed  the  separation  commences  at  the  kathode. 
Metallic  potassium  forms  with  the  mercury  a kind  of  amalgam, 
from  which  it  is  obtained  pure  after  the  mercury  is  driven  off 
by  distillation.  Sodium,  calcium,  barium,  and  strontium  may  be 
obtained  from  their  compounds  in  a similar  manner.  The 
oxides  of  the  heavier  metals  can  be  decomposed  by  the  gal- 
vanic current  only  when  they  can  be  made  to  conduct  electricity. 

Faraday  decomposed  protoxide  of  lead  by  first  melting  it  and  then  passing 
a current  through  it.  Lead  separated  out  at  the  kathode,  and  oxygen  was 
given  off  at  the  anode.  The  halogenous  compounds  (salts  of  chlorine,  bromine, 
and  iodine)  are  similarly  decomposed  by  the  electrical  current ; these,  however, 
act  on  metals,  and  it  is  therefore  necessary  to  make  the  anode  at  least  of  carbon. 
The  simplest  way  to  obtain  chlorine,  bromine,  and  iodine  from  their  compounds 
is  to  have  a carbon  crucible,  which  represents  the  anode ; and  an  iron  wire, 
which  serves  as  kathode.  The  wire  is  removed  from  time  to  time  to  scrape 
off  the  separated  metal. 

To  obtain  magnesium,  Bunsen  used  a porcelain  crucible,  which  was  separated 
into  two  portions  by  a partition  which  did  not  quite  reach  to  the  bottom.  The 
crucible  had  a lid  with  two  holes  in  the  centre  of  each  portion  to  hold  the 
electrodes,  which  consisted  of  pure  carbon.  The  form  given  to  the  electrodes 
is  shown  in  Fig.  140.  To  prevent  the  magnesium  rising  to  the  surface,  where 
it  would  burn  away  (as  it  is  lighter  than  chloride  of  magnesium),  incisions  are 
made  to  hold  it  and  allow  it  to  collect.  For  the  electrolysis  10  or  12  Bunsen’s 
cells  arranged  in  series  were  used. 

It  is  not  necessary  that  -the  binary  compounds,  consisting  of  two  elements. 


Fig.  140.  — Bun- 
sen’s Electrodes. 
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which  we  have  had  under  consideration,  should  be  in  the  solid  state;  their 
solutions  will  do  as  well.  Chlorides  of  tin,  lead,  and  manganese  can  be  decom- 
posed when  in  solution,  but  the  solutions  of  compounds  of  chlorine,  bromine, 

and  iodine  have  to  be  very  concentrated. 

Secondary  Reactions  in  Electrolysis.— From  metallic  hydroxides 
the  metal  can  be  separated  with  due  precautions.  For  instance,  as  we  have 
already  stated,  we  may  obtain  potassium  by  pouring  potash  into  which  a 
platinum  wire  is  introduced  as  anode  over  some  mercury,  which  serves  as 
kathode.  The  potassium  separating  out  at  the  kathode  combines  at  once  with 
the  mercury  to  form  an  amalgam 
of  potassium,  from  which  the  pure 
potassium  may  be  obtained  by 
distillation.  If  both  the  elecr 
trodes  were  of  platinum,  the 
electrolysis  would  not  give  me- 
tallic potassium ; for  here,  al- 
though O appears  at  the  anode 
and  potassium  at  the  kathode, 
potassium  comes  in  contact  with 
water,  which  it  decomposes  at 
once,  and  forms  potassium  oxide 
soluble  in  water ; the  H set  free 
escapes.  Here,  then,  we  have  H 
at  the  kathode  and  O at  the 
anode ; the  same  result  as  is  ob- 
tained by  decomposing  water. 

This  result  is,  however,  not  ob- 
tained through  electrolysis  di-  Fig.  141. — Daniell’s  Electrolytic  Apparatus, 
rectly,  but  is  a secondary  reac- 
tion. Frequently  the  bodies  separated  by  means  of  electrolysis  act  upon  each 
other  in  this  way,  and  thus  disguise  the  real  process.  In  order  to  prevent  this, 
many  forms  of  electrolytic  cell  have  been  devised  by  experimenters.  We  shall 
describe  two  here ; Daniell  used  the  apparatus  shown  in  Fig.  141  ; upon  the  U- 
shaped  glass  tube  k,  the  two  cylindrical  glass  vessels  ad  and  eh  are  fitted  air- 
and  water-tight.  The  tubes  fitted  at  the  top  serve  to  carry  off  gases  that  may  be 
produced.  The  two  electrodes  consist  of  platinum  plates  0 and  y),  from  which 
wires  lead  to  the  mercury  cups  t and  j,  into  which  the  wires  of  the  battery 
dip.  The  liquid  to  be  decomposed  is  placed  in  the  U-shaped  tube ; the  open 
ends  are  covered  with  bladders,  and  the  glass  cylinders  filled  with  water  and 
replaced.  The  products  separating  out  at  the  anode  and  kathode  come, 
therefore,  from  the  liquid  in  the  U-shaped  tube.  The  separation  is,  however, 
not  complete,  for  a mixing  of  the  gases  due  to  endosmiosis  takes  place,  as 
it  does  when  two  different  solutions  are  separated  from  each  other  by  an 
animal  membrane,  such  as  a bladder.  A similar  result  comes  from  a different 
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cause,  which  will  be  explained  later  on,  namely,  the  action  of  the  galvanic 
current  in  producing  what  has  been  called  electrical  endosmosis. 

To  avoid  these  sources  of  inaccuracy  Wiedemann  devised  the  apparatus 
shown  in  Fig.  142:  a and  are  two  glass  cylinders  covered  with  glass  plates  b 
and  by  Each  glass  plate  has  two  openings : through  one  the  wires  / and  1^  are 
put,  and  through  the  second  the  tubes  d and  enter  the  glass  cylinders  ■, 
/is  a piece  of  indiarubber  tubing  which  connects  the  tubes  d and  d-^  with  the 
tube  g having  a stop-cock ; g is  held  in  position  by  the  iron  stand  h.  The 


liquid  to  be  decomposed  is  poured  into  the  two  glass  cylinders,  and  then 
sucked  into  the  tubes  d and  dy  until  it  reaches  g,  when  the  stop-cock  is  closed. 

Contact  is  now  made  between  the  liquids  in  a and  ay  The  current  now  de- 
composes the  liquid  into  its  products  separately.  After  the  experiment  is 
finished,  g is  opened,  which  causes  the  liquid  to  flow  back  again,  and  the 
ions  may  be  examined  separately. 

In  the  decomposition  of  sulphates  and  nitrates  the  pure  metal  separates 
out  at  the  kathode,  while  O is  given  off  at  the  anode.  Let  us  consider,  for 
example,  the  behaviour  of  copper  sulphate  during  decomposition.  Copper 
sulphate  may  b6  considered  as  sulphuric  acid,  in  which  the  hydrogen  is  re- 
placed by  copper.  Sulphuric  acid  consists  of: 

2 hydrogen  -f  4 oxygen  -f  i sulphur. 

And  copper  sulphate  consists  of : 

i copper  + 4 oxygen  -t-  i sulphur. 


Effects  of  a Current  within  the  Circuit. 


15s 


By  electrolysis  from  copper  sulphate  are  separated  : 

at  the  kathode  anode 

I copper  I sulphur  + 4 oxygen. 

I sulphur  + 4 oxygen  combine  with  water  in  the  following  manner  : 

I sulphur  + 4 oxygen  combine  with  2 hydrogen  + i oxygen 

or  SO4+H2O  =H2S04+0. 


We  have  therefore : 

at  the  kathode 
I copper 


at  the  anode 

I sulphuric  acid  and  i oxygen. 


If  now  we  decompose  potassium  sulphate  we  obtain  an  apparently  different 
result.  In  the  solution  at  the  anode  we  find  H2SO4,  and  at  the  same  time 
O is  generated.  In  the  solution  at  the  kathode  potash  has  been  formed, 
whilst  H is  generated ; this,  however,  is  the  secondary  process,  already  described, 
as  we  shall  see  : 

Potassium  sulphate  consists  of  K2SO4,  that  is  to  say  of 
2 potassium  + i sulphur  + 4 oxygen. 

Potassium  separates  out  at  the  kathode,  combines  with  water,  and  is  decomposed 
together  with  it  in  the  following  manner 

2K  with  HgO  gives  KoO  and  2H ; that  is, 
potassium  oxide  and  H which  escapes  at  the  kathode. 

I sulphur  4-  4 oxygen  combine  with  water  to  form  sulphuric  acid  as  before. 

SO4  + H2O  = H0SO4+O. 

The  oxygen  escapes  at  the  anode. 

Whatever  the  substances  we  expose  to  the  action  of  the  galvanic  current, 
decomposition  takes  place  proportional  to  the  strength  of  the  current,  but  we 
have  yet  to  ascertain  the  law  relating  to  the  proportion  of  the  different  bodies 
when  decomposed  by  the  same  current.  Faraday  used  for  this  purpose  concen- 
trated hydrogen  acids,  in  which  only  the  acids  and  not  the  water  Avere  decom- 
posed. HCl  gave  chlorine  at  the  anode  (only  in  small  portions,  of  course 
for  it  is  very  soluble  in  water),  and  H at  the  kathode.  By  inserting  a volta- 
meter in  the  circuit,  he  found  that  the  same  volume  of  hydrogen  resulted  from 
the  decomposition  of  water  in  the  voltameter  and  from  HCl  in  the  electrolytic 
cell.  The  same  fact  has  been  proved  by  Daniell,  Buff,  and  others.  A solution 
of  copper  sulphate,  for  instance,  is  decomposed  into  copper  and  sulphuric 
acid.  Now  the  constituents  of  copper  sulphate,  with  their  atomic  weights,  are  as 
follows  : 
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I copper 
I sulphur 
4 oxygen  (16)  ... 

copper  sulphate 
Water  consists  of : 


...  63 

...  32 

...  64 

...  159 


2 hydrogen 
I oxygen 

water 


2 

16 


...  18 


Now  it  is  found  by  experiment  that  by  the  decomposition  of  water  and  copper 
sulphate,  for  every  gramme  of  oxyhydrogen  gas  3-518  grammes  of  copper 
^e  separated  out  in  the  same  time.  This  is  in  accordance  with  Faraday’s  law 
tor  the  proportion  is  that  of  their  atomic  weights. 


I _ _r£ 

3-522  ~ ^ 

The  laws  laid  down  by  Faraday  may  be  thus  stated : 

Laws  of  Electrolysis.— (i)  The  amount  of  chemical  action  is  equal  at 
all  points  of  a circuit  at  which  it  occurs. 

(2)  The  amount  of  an  element  (or  ion)  liberated  at  an  electrode  for  a given 
time  is  proportional  to  the  strength  of  the  current. 

(3)  The  amount  by  weight  of  an  element  (or  ion)  liberated  at  an  electrode 
in  one  second  is  equal  to  the  strength  of  the  current  multiplied  by  the  “ chemical 
equivalent”  of  the  element  (or  ion),  and  by  the  number  -0000104,  which  is  the 
weight  of  hydrogen  set  free  in  a second  by  a current  of  one  ampere. 

The  following  equation  embodies  the  rule  for  finding  the  weight  of  any  given 
element  disengaged  from  an  electrolytic  solution  during  a known  time  by  a 
current  whose  strength  is  known.  Let  C be  the  strength  of  the  current  (reckoned 
in  amperes),  t the  time  (in  seconds),  z the  chemical  equivalent,  and  w the  weight 
(in  grammes)  of  the  element  liberated,  and  let  h grammes  of  H be  set  free  by  a 
unit  current  per  second,  then 

w = zQ,th, 

since. 

Strength  of  current  in  amperes  - in  gms.  of  H liberated  per  sea 

-0000104 


If,  instead  of  hydrogen,  another  element  be  liberated,  then  the  denominator 
must  be  multiplied  by  the  chemical  equivalent  of  that  element  thus  : 

Strength  of  current  in  amperes  - liberated  per  sec.  . 

-0000104  X 108 


The  same  law  applies  to  each  cell  of  the  battery  for  which 


Strength  of  current  in  amperes,  = 


weight  of  zinc  dissolved  per  sec. 


-0000104  X 32-4 
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By  the  help  of  this  law  the  quantity  of  any  metal  which  a constant  current 
can  separate  in  a given  time  from  a solution  of  the  salt  is  easily  calculated.  All 
we  require  to  know  is  the  composition  of  the  salt,  the  chemical  equivalents  or 
atomic  weights  of  the  components,  and  the  strength  of  the  current. 

By  applying  this  law  to  the  definition  of  unit  current  we  may  add  to  the 
definition  of  an  ampere  the  following:  A current  of  one  ampere  is  that  which 
will  decompose  o'oooo932i  gramme,  or  o’ooi438  grain  of  dilute  sulphuric  acid 
per  second.  The  volume  of  mixed  gas  (oxygen  and  hydrogen)  that  is  produced 
per  second  by  this  decomposition  equals  in  cubic  centimetres 

0-1732  X 76  (273  + C.°) 
h X 273  ’ 

where  C.°  is  the  temperature  of  the  mixed  gas  in  degrees  centigrade,  and  h the 
pressure  in  centimetres  of  mercury. 

The  same  current  is  found  to  deposit  0-0003260  gramme,  or  0-005060  grain, 
of  copper  per  second  on  one  of  the  plates  of  a copper  voltameter,  and  0,0003367 
gramme,  or  0-005196  grain,  of  zinc  per  second  on  one  of  the  plates  of  a zinc 
voltameter. 

The  Counter  E.  M.  F.  in  Electrolysis. — Let  us  once  more  return 
to  the  example  of  the  decomposition  of  copper  sulphate  by  a current,  and 
examine  more  minutely  what  takes  place.  The  two  electrodes,  consisting 
of  two  equal  plates,  when  placed  alone  in  the  liquid,  will  produce  no  effect 
whatever.  If,  however,  a current  is  sent  through  them,  the  liquid  will  be  decom- 
posed into  its  constituents  in  such  a manner  that  the  copper  separates  out  at 
the  negative  electrode,  and  the  sulphuric  acid  at  the  positive  electrode  ; during 
the  process  copper  covers  the  kathode,  whilst  sulphuric  acid  leaves  the  anode 
unaltered.  Now  two  different  metals  dip  in  the  copper  sulphate  solution  (the 
copper  plate  and  the  bright  platinum  plate),  but  contact  of  different  metals  with  a 
liquid,  as  we  have  seen,  causes  an  electromotive  force : this  tends  to  generate 
a current,  the  direction  of  which  is  determined  by.  the  nature  of  the  ions.  This 
phenomenon  is  what  we  have  called  polarisation,  or  it  is  said  the  electrodes 
are  polarised.  Experiments  show  the  direction  of  the  polarisation  e.  m.  f.  to 
be  opposite  to  the  current  originally  sent  through  the  liquid ; the  polarisation 
E.  M.  F.,  therefore,  is  an  opposing  e.  m.  f.,  and  must  weaken  the  original 
current.  Polarisation  not  only  takes  place  when  at  one  of  the  electrodes  a 
metal  separates  out,  but  also  by  decomposition  of  ordinary  water ; here  H is 
given  off  at  the  kathode  and  O at  the  anode  j the  two  gases  coat  the  platinum 
electrodes  with  a film  which  gives  them  an  e.  m.  f.  Under  otherwise  similar 
conditions  polarisation  will  be  the  stronger  the  more  completely  the  plates  are 
covered  with  the  gaseous  film.  From  the  beginning  of  the  electrolysis  it  will 
increase  until  the  electrodes  are  perfectly  coated,  and  then  it  will  remain  of 
constant  strength,  as  further  evolution  of  gas  will  no  longer  have  any  effect. 
If  the  e.  m.  f.  of  the  original  current  is  weaker  than  that  of  the  polarisation, 
the  latter  will  not  be  able  to  attain  its  maximum  strength,  because 
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if  it  did  so  a current  would  be  generated  opposite  to  the  original  current. 
Ohm’s  law  for  galvanic  currents  gives  us  the  equation 


Current 


E.  M.  F. 

total  resistance 


This  proposition,  however,  only  holds  good  as  long  as  no  fluids  are  inserted 
in  the  circuit ; if  fluids  are  part  of  the  circuit,  we  have  the  following  pro-  ■ 
position  : 


Current 


E.  M.  F.  of  the  cell — E.  m.  f.  of  polarisation 
total  resistance 


The  existence  of  a polarisation  e.  m.  f.  may  be  shown  by  inserting  a com-  ■ 
mutator,  voltameter,  and  galvanometer  in  the  circuit  of  a battery.  The  ' 
commutator  is  first  so  arranged  that  the  current  of  the  battery  only  passes 
through  the  galvanometer  and  voltameter,  which  causes  polarisation  of  the 
electrodes  of  the  voltameter.  I he  commutator  is  now  brought  into  the  second 
position,  which  removes  the  battery  from  the  circuit  of  the  galvanometer  and 
voltameter.  The  deflection  of  the  needle  again  indicates  a current  (a  polarisa-..^ 
tion  current),  which  flows  in  the  opposite  direction  to  the  battery  current- 
Ritter  (1803)  was  probably  the  first  who  observed  a polarisation  current.  The  ' 
phenomenon  has  been  very  fully  investigated  of  late,  and  has  led  to  the  con-  , 
struction  of  secondary  cells,  which  have  received  the  not  verj'  appropriate'.; 
name  of  accumulators.  Into  such  a cell  the  current  of  a battery  is  intro-; ! 
duced,  polarisation  being  thereby  produced.  If  now  the  circuit  of  the  charged*' 
cell  be  closed,  a polarisation  current  will  circulate  through  the  circuit  of| , 
the  cell  in  the  opposite  direction  to  the  battery  current.  H will  be  given  off^  ■ 
where  O was  evolved,  and  vice  versa.  In  this  manner  that  which  caused  the;' 
polarisation  current  will  be  gradually  diminished,  and. with  it  the  polarisation;] 
current  itself.  It  becomes  zero  when  through  the  decomposing  effect  of  theli 
polarisation  current  the  hydrogen  at  the  one  electrode  and  the  oxygen  at  the^* 
other  electrode  are  used  up.  The  secondary  cell  is  then  discharged ; that;  \ 
is,  it  is  in  its  original  condition.  Secondary  cells,  like  galvanic  cells,  may  betj 
connected  with  each  other  to  form  batteries.  Their  forms  and  combinations^:! 
will  be  discussed  in  the  second  part  of  this  work.  - i] 

Theory  of  Electrolysis.  — Explanations  regarding  what  takes  place^ 
during  electrolysis  have  been  frequently  attempted,  but  beyond  more  or  lessyj 
probable  hypotheses,  nothing  has  been  proved.  This  is  not  surprising  whenj. 
we  consider  that  the  nature  of  electricity  itself  is  unknown  to  us.  Grotthusj.^ 
(1805)  gave  the  following  explanation  of  electrolysis  : the  constituents  of  thej| 
electrolyte  are  oppositely  electrified.  For  instance  : in  water,  oxygen  is  nega-Tj 
tively,  hydrogen  positively,  electrified.  In  their  natural  condition  the  moleculesjl 
of  water  are  supposed  to  assume  all  kinds  of  positions.  Into  these  the  electrodesj  j 
of  a battery  are  introduced,  and  a current  is  sent  through  them.  As  soon  as 
electricities  at  the  electrodes  have  obtained  a certain  density,  their  forces  0^ 
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attraction  and  repulsion  cause  all  the  positive  hydrogen  atoms  to  turn  towards 
the  negative  electrode,  and  all  the  negative  oxygen  atoms  towards  the  positive 
electrode.  The  positive  electrode  attracts  all  negatively  electrified  oxygen  particles, 
and  repels  all  positively  electrified  hydrogen  particles.  The  negative  electrode 
attracts  the  positively  electrified  hydrogen  and  repels  the  negatively  electrified 
oxygen.  Both  electrodes  tend  therefore  to  separate  the  O from  the  H,  and  this 
will  be  effected  at  the  electrodes  first,  because  there  the  forces  are  strongest. 
The  O of  the  molecule  nearest  the  positive  electrode  is  attracted  by  the  anode, 
and  held  fast  there ; the  H,  however,  is  repelled,  and  forced  towards  the  negative 
electrode.  This  atom  of  H combines  with  the  O of  the  nearest  molecule  of 
water  from  which  the  H atom  is  forced  out.  The  H forced  from  the  second 
row  of  water  molecules  reaches  the  third  row,  and  combines  again  with  the  O 
to  form  water.  This  process  is  repeated  through  all  the  molecules  which  are 
between  the  two  electrodes,  until  the  H finds  no  longer  any  O in  the  row  of 
molecules  nearest  the  kathode  with  which  to  combine.  The  result  of  the 
whole  process  is  that  O is  given  off  at  the  positive  electrode  and  H at  the 
negative  electrode,  whilst  between  the  two  electrodes  the  water  remains  un- 
decomposed. After  this  process  is  finished  the  water  molecules  have  their 
hydrogen  atoms  directed  towards  the  positive  electrode,  and  their  oxygen  atoms 
directed  towards  the  negative  electrode,  assuming,  therefore,  a position 
opposite  to  that  produced  by  the  forces  of  attraction  and  repulsion  of  the 
electrodes.  Hence  these  forces  will  cause  the  water  molecules  again  to  alter 
their  position,  and  the  process  described  above  is  repeated.  The  following 
table,  in  which  H stands  for  hydrogen  and  O for  oxygen,  illustrates  the  steps 
of  the  process : 
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After  the  first  step  the  molecules  of  water  are  directed  so  that  the  H points 
to  the  anode  and  O to  the  kathode.  After  the  second  step  oxygen  is  evolved 
at  the  anode,  hydrogen  at  the  kathode,  and  the  remaining  atoms  of  H and  O 
unite  to  form  new  molecules  of  water.  After  the  third  step  the  molecules  of 
water  are  again  directed  ; and  after  the  fourth  step  they  are  again  decomposed. 

Although  this  explanation  accounts  for  the  fact  that  only  at  the  electrodes 
are  the  10ns  separated,  and  also  for  the  proportion  which  anion  and  kation  bear 
o each  other,  it  leaves  unexplained  other  features  of  the  phenomenon.  For 
these  and  other  reasons  the  hypothesis  of  Clausius  seems  to  be  preferable. 
Uausius,  too,  assumes  an  electrified  condition  of  the  molecules  of  each 
electrode,  but  he  neither  attributes  to  the  galvanic  current  the  force  of  direction 
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nor  power  of  decomposing.  He  points  out  that  both  the  molecules  of  fluids 
and  also  their  atoms  are  in  continual  motion.  The  atoms  in  molecules  of 
fluids  are  held  together  but  by  a moderate  force,  and  during  collisions  may  be 
temporarily  freed,  in  small  numbers,  from  combination.  The  galvanic  current 
merely  effects  a regulated  motion  of  the  freed  atoms ; the  positive  ions  are 
attracted  by  the  negative  electrode,  and  the  negative  ions  by  the  positive 
electrode,  and  by  this  means  are.  separated  out  from  the  liquid. 

Minor  Effects  of  Current. — Before  we  close  this  chapter  we  have  to 
point  out  some  effects  of  the  galvanic  current  of  minor  importance.  If  a 
current  is  passed  through  a small  vertical  tube  containing  some  fluid,  and 
having  two  platinum  wires  fused  into  the  glass,  the  liquid  is  observed  slightly 
to  rise  when  the  current  is  passed  upwards  through  the  tube.  The  height 
through  which  the  liquid  rises  is  proportional  to  the  current  and'  the  cross 
section  of  the  tube.  Similarly,  Reinold  and  Rucker  found  that  an  upward 
current  passed  through  a perpendicular  soap-film  enormously  retarded  the 
thinning  of  the  film,  which  was  almost  arrested.  A somewhat  similar  pheno- 
menon, called  electrical  endosmosis,  takes  place  when  during  electrolysis  porous 
partitions  are  used  as  in  Daniell’s  apparatus.  The  liquid  moves  then  from 
the  anode  through  the  porous  partition  to  the  kathode.  This  phenomenon' 
is  analogous  to  the  rising  of  liquid  in  the  tube,  for  the  porous  partition  resembles 
a series  of  small  capillary  tubes. 

In  addition  to  these  effects,  the  galvanic  current  produces  mechanical 
effects  also.  Copper  wires,  which  have  been  in  use  for  some  time,  become 
brittle.  Dufour  passed  a current  from  a Bunsen  cell  through  a copper  wire 
for  nineteen  days,  and  found  that  the  wire  broke  when  5 ‘34  kilogrammes 
were  suspended  from  it,  whilst  before  the  experiment  the  wire  broke  when 
6‘29  kilogrammes  were  suspended.  Edlund  found  that  an  iron  wire  becomes 
longer  when  an  electric  current  passes  through  it,  as  it  ought  to  do,  on 
account  of  the  generated  heat ; but  the  wire  assumes'  its  former  length  gradually 
when  the  current  is  interrupted. 

The  sounding  or  clicking  of  iron  bars  at  the  making  and  breaking  of  a 
current  that  is  sent  through  them  is  probably  also  due  to  mechanical  effects 
The  click  is  only  heard  with  magnetic  metals. 

ELECTRO  - DYNAMICS. 

Behaviour  of  Galvanic  Currents  towards  each  other. — In  the 
history  of  electricity  and  magnetism  we  have  stated  that  Oersted  discovered 
the  effects  of  galvanic  currents  on  the  magnetic  needle.  And  both  Oersted  and 
the  electricians  of  his  time  tried  to  find  a connection  between  electricity  and 
magnetism.  Ampere  concluded  that  if  galvanic  currents  affect  a magnet,  the 
earth's  magnetism  must  affect  a current.  This  led  him  to  the  conviction  that 
galvanic  currents  must  influence  each  other,  and  he  succeeded  in  proving  his 
theories  by  experiments.  To  study  the  mutual  action  of  galvanic  currents  upon 
one  another,  Ampere  constructed  an  apparatus,  the  modern  form  of  which 
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is  shown  in  Fig.  143.  From  the  two  screws.  + and  metal  strips  lead  to 
the  comjnutator  d,  and  from  here  to  the  pillars  b and  x.  The  pillar  b has  two 
concentric  grooves  to  hold  mercury,  and  the  rod  c,  which  passes  up  the  middle 
of  B,  has  a cavity  at  its  upper  end,  also  meant  to  hold  mercury.  A screw  of 
the  pillar  b is  in  connection  with  the  inner  groove,  and  another  screw  with  the 
outer  groove.  If  on  this  frame  a wire  ring  be  hung  so  that  a point  fastened  to 
it  rests  in  the  mercury  at  the  top  of  c,  whilst  its  ends  .x  and  y dip  into  the  two 
grooves  holding  mercury,  a current  can  be  sent  through  the  ring,  and  the  ring 
itself  will  be  able  to  turn  round  the  point  resting  on  the  rod  c.  With  such 
an  instrument  the  dynamical  phenomena  are  easily  observed.  When  a current 


is  passing  through  the  ring,  it  strives  to  assume  the  same  position  always, 
viz.,  with  its  plane  at  right  angles  to  the  magnetic  meridian,  so  that  the  side  of 
the  circuit  where  the  current  enters  points  towards  the  west,  and  the  side 
where  the  current  leaves  the  circuit  points  towards  the  east.  The  effects  of  the 
earth’s  magnetism  are  more  clearly  seen  when,  instead  of  a single  wire,,  several 
wires  running  parallel  to  each  other  are  used.  Such  an  apparatus  is  shown  in 
Fig.  144. 

When  our  object  is  simply  to  study  the  effects  of  several  conductors  upon 
each  other  (when  a current  passes  through  them),  the  controlling  force  of  the 
earth’s  magnetism  might  interfere  with  our  plans.  This  difficulty  is  overcome 
by  using  an  apparatus  called  an  astatic  frame,  shown  in  Fig.  145.  The  wire 
here  is  bent  twice  in  the  form  of  a rectangle,  so  that  the  currents  flowing 
through  each  rectangle  are  in  opposite  directions  to  each  other.  The  earth’s 
magnetism  affects  the  two  rectangles  equally,  but  tends  to  turn  one  in  one 
direction,  and  the  other  in  an  opposite  direction  j it  follows  that  the  two 
G 
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equal  but  opposite  forces  counteract  each  other.  The  ends  of  the  wire  frame 
dip  into  the  mercury  cups  a and  and  the  wires  from  the  battery  dip  into 
the  mercury  cups  a and  B.  The  direction  of  the  current  is  indicated  by 
the  arrow-heads.  If  we  bring  another  wire  frame,  in  the  form  of  a rectangle, 
near  this  astatic  frame,  having  a current  passing  through  it,  so  that  the  wires  in 
both  frames  are  parallel  to  each  other,  the  two  currents  will  attract  each  other 
when  both  have  the  same  direction,  and  repel  each  other  when  they  flow  in 
opposite  directions.  The  attraction  or  repulsion  is  indicated  by  the  movable 

astatic  frame,  which  either  moves 
towards  or  from  the  fixed  wire 
frame. 

The  attraction  between  parallel 
currents  may  be  shown  by  means 
of  Roget’s  contact-breaker,  repre- 
sented in  Fig.  146.  One  end  of 
the  spiral  spring  f is  fixed  to  the 
arm  a on  the  stand  t,  while  the 
other  end  of  the  spring  dips  into 
the  mercury  cup  G.  and  K,  are 
screws  in  connection  with  the  stand 
T and  mercury  cup  G.  If  this  ap- 
paratus- be  inserted  in  a circuit,  the 
current  will  enter  at  Kj,  flow  through 
T A and  the  spiral  F,  enter  g,  and 
leave  the  apparatus  at  k.,.  Here  the 
turns  of  the  spiral  form  a series  of 
Fig.  i4S.-Ampke’s  Astatic  Rectangles.  parallel  currents,  which  attract  each 

other,  causing  the  spiral  to  become 
contracted,  and  the  free  end  to  be  lifted  out  of  the  mercury,  so  as  to  interrupt 
the  current.  The  instant  the  current  ceases  the  attractions  of  the  turns  cease, 
and  the  spiral  again  dips  into  the  mercury,  and  so  on. 

Not  only  parallel  currents,  but  also  currents  that  cross  each  other,  attract 
or  repel  each  other.  This  may  be  shown  by  means  of  the  apparatus  in 
Fig.  147.  The  movable  astatic  frame  is  hung  upon  B Fig.  143),  and  the 
crossing  circuit  is  arranged  upon  E.  The  piece  x y oi  the  astatic  frame  is  made 
of  insulating  material.  The  direction  of  the  current  in  both  cases  is  indicated 
by  arrow-heads.  If,  now,  the  currents  both  flow  towards  the  vertex  of  the 
angle  which  they  make,  or  both  flow  from  the  vertex,  they  will  attract  each 
other.  If,  however,  one  of  them  flows  towards  the  vertex  of  the  angle,  the 
other  from  it,  they  will  repel  each  other. 

Self- Repulsion  of  a Current. — Currents,  where  one  a b is  flowing 
towards  the  vertex  (Fig.  148),  and  the  other  c d from  it,  repel  each  other.  The 
angle  itself  may  have  any  size,  and  by  making  it  more  and  more  obtuse,  we 
sh.ill  have  at  last  an  angle  of  180°,  and  a b will  lie  in  the  straight  line  a'  b' d; 
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we  then  have  a conductor  in  which  the  current  flows  from  a'  to  d,  and  we  are  led 
to  the  conclusion  that  the  successive  portions  of  one  and  the  same  current  must 
repel  each  other.  This  may  be  somewhat  inconclusively  proved  by  the  following 
experiments  : C,  in  Fig.  149,  is  a wooden  trough  filled  with  mercury,  which  is 
divided  by  a partition.  The  binding  screws  b b are  in  connection  with  the  quick- 
silver on  each  side  of  the  partition,  and  are  intended  to  receive  the  current.  On  the 
mercury  floats  the  wire  frame  f.  The  current  enters  at  b,  flows  through  the 


Fig.  146. — Roger’s  Contact-breaker.  Fig.  147; — Attraction  of  Inclined  Currents. 

frame  to  the  mercury  of  the  second  partition,  and  Iqaves  the  trough  at  the 
second  binding  screw  b.  As  soon  as  the  current  circulates,  repulsion  be- 
comes noticeable  by  the  motion  of  the  frame  away  from  b b. 

Continuous  Rotations. — The  effects  produced  by  two  currents  which 
cross  each  other  may  be  used  for  producing  continual  motion.  The  wires  s and 
A b,  in  Fig.  150,  have  currents  flowing  through  them,  the  directions  of  which  are 
indicated  by  the  arrow-heads.  If  we  examine  the  effect  which  the  piece  a c must 
have  upon  s,  we  observe  that  the  currents  in  a c and  s flow  opposite  to  each  other  \ 
it  follows  that  a c will  attract  the  conductor  s in  the  direction  0 c.  If  we  further 
notice  the  directions  in  s and  c b,  we  find  the  current  in  s moves  towards  0,  the 
current  in  c b flows  from  0 ; the  two  currents,  therefore,  will  repel  each  other 
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Fig.  148. — Deduction  from  the  Repulsion  of  Inclined 
Currents. 

F 

B 


Fig.  149. — Self- Repulsion  of  a Current. 


in  the  direction  ob.  If  the  conductors  is  movable,  the  result  of  the  effects 
of  A c and  c b upon  s will  be  in  the  direction  of  the  resultant,  0 r.  If  now 

the  wire  a b is  bent  in  the 
shape  of  a circle,  and  if  s 
moves  upon  an  axis  that  goes 
through  the  centre,  s will  have 
to  rotate  in  the  circle.  Under 
these  conditions,  the  remarks 
made  about  the  resultant  force 
will  apply  to  every  position  of 
s.  On  this  principle  the  rota- 
tion apparatus  shown  in  Fig. 
1 5 1 is  constructed.  The  stand 
T has  at  its  upper  end  a cup 
containing  mercury,  in  which 
the  conductor  L Lj  moves. 
The  lower  end  of  t is  con- 
nected with  k by  means  of  a 
strip  of  metal.  The  ends  of 
L dip  in  the  mercury,  which 
fills  the  circular  groove  R,  and 
round  this  several  turns  of 
covered  copper  wire  are 
wound,  the  ends  being  in 
connection  with  the  binding 
screws  k k^.  The  screw  k-^  is 
connected  by  a metal  strip 
with  the  mercury  in  the  groove, 
so  that  when  k are  con- 
nected with  the  poles  of  a 
battery,  the  current  flows  from 
the  binding  screw  k through 
T to  the  mercury  cup,  and 
then  flows  through  L and  Lj 
to  the  mercury  of  the  groove 
R,  and  by  means  of  a bind- 
ing screw  /i’j  back  again  to 
the  battery.  If  the  direction 
of  the  current  is  that  indi- 
cated by  the  arrow,  the  con- 
ductor L Li  will  rotate  with 
the  hands  of  a watch  placed 
horizontally,  that  is,  face  upwards.  Rotation  effected  by  repulsion  and  attraction 
of  parallel  currents  is  shown  in  the  apparatus  represented  in  Fig.  152.  The  outer 


Fig.  150. —Diagram  of  Forces  between  Two  Currents. 
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Fig.  151. — Rotation  of  Current. 
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circuit  is  fixed,  the  inner  circuit  movable,  the  ends  dipping  into  the  mercury  cup 
H,  which  is  divided  into  two  parts  by  a partition.  The  ends  of  the  inner 
circuit  are  so  arranged  that  one  end  dips  into  one  side  of  the  mercury 
cup  H when  the  other  end  dips  .into  the  other  side.  When  currents  are  sent 
through  both  circuits  in  the  direction  indicated  by  the  arrows,  being  parallel 
they  will  attract  each  other.  When  the  two  circuits  are,  through  attraction, 
brought  as  near  as  they  can  be,  which  is  the  case  when  the  two  rings  lie  in  the 
same  plane,  the  wire  ends  slide  over  the  partition  in  the  mercury  trough,  and 
the  direction  of  the  current  in  the  inner 
circuit  is  thereby  reversed.  It  follows  that 
the  two  circuits  will  now  repel  each  other, 
that  is,  the  inner  ring  will  continue  its  mo- 
tion until  its  right  side  is  close  to  the  left 
side  of  the  outer  ring.  Motion  would  cease 
now,  because  currents  of  the ' same  direction 
are  again  opposite  each  other,  but  for  a 
repetition  of  the  process  of  reversal.  The 
wire  ends  again  slide  over  the  partition  ol 
the  mercury,  and  instantly  there  occurs 
a change  of  direction  in  the  current ; 
consequently,  the  inner  circle  rotates  con- 
tinuously. 

The  force  of  attraction  or  repulsion  for 
hvo  currents  is  found  to  be  proportional  to 
the  product  of  the  intensities  of  the  cur- 
rents, and  to  the  product  of  the  lengths  of 
the  currents,  and  inversely  proportional  to 
the  square  of  the  distance  between  them.  J 
/g  their  lengths,  which  are  everywhere  at  a distance  d from  one  another, 

thenF=^Aj-^. 

This  law  is  confirmed  by  the  following  apparatus  : 

Weber’s  Electro-Dynamometer.— ^The  electro-dynamometer  is  an 
instrument  for  measuring  the  strength  of  a current  by  the  attraction  or  repulsion 
between  two  parts  of  the  circuit.  It  consists  in  the  essential  parts  of  two  wire 
coils,  of  which  one  is  fixed  and  the  other  hangs  from  two  conducting  wires  very 
near  together,  so  as  to  furnish  a directing  couple.  The  coils  carry  a small 
mirror,  and  for.  the  exact  determination  of  the  deviation  of  the  movable  coils 
reflected  readings  are  taken.  The  two  wire  coils  tend,  when  currents  having  the 
same  direction  flow  through  them,  to  place  themselves  parallel  to  each  other,  as 
shown  in  Fig.  152.  This  construction  of  a measuring  instrument  has  two 
advantages,  which  are  especially  of  importance  in  practice.  First,  when  one  and 
the  same  current  flows  through  both  coils  they  experience  a deviating  couple 


F be  the  force,  the  currents. 
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proportional  to  the  square  of  the  intensity  of  the  current.  Secondly,  when 
through  the  two  coils  a current  of  known  strength  and  direction  flows  the 
movable  coil  will  turn  through  a definite  angle,  0,  and  assume  a diiinct 
direction.  If  now  the  current  flowing  through  the  two  coils  be  reversed,  the 
movable  coil  will  retain  its  deviation,  the  latter  being  only  a function  of  the 
strength  of  the  current,  but  not  of  its  direction.  Since  at  first  the  direction  of  the 
current  was  parallel  in  the  two  coils,  it  must  remain  parallel  after  the  change  of 
direction.  Later,  we  shall  see  that  in  practice  we  have  to  deal  with  currents 
which  are  continually  reversing  and  restoring  their  directions.  For  the  measure- 
ment of  such  currents  the  electro-dynamometer  is  a very  useful  instrument 


Fig.  153. — Ayrton  and  Perry’s  Horse-Power  Meter. 


There  are  two  things  equal  to  one  another  when  the  coil  has  found  the  position 
of  rest : the  directing  couple,  depending  on  the  mode  of  suspension  and 
proportional  to  the  angle  of  deviation,  and  the  deflecting  couple,  depending  on 
the  strength  of  current  Co,  and  the  cosine  of  the  angle  of  deviation  0. 
Hence,  C2  cos  d—a  d where  a is  a- constant  depending  on  the  size  of  the  coils. 

Other  Electro-Dynamometers. — The  instrument  shown  in  Fig.  153, 
and  in  section  in  Fig.  154,  is  the  horse-power  meter,  by  Ayrton  and  Perry, 
depending  on  the  principle  of  the  electro-dynamometer.  The  fixed  spiral  b 
consists  of  a cable  of  ten  wires,  which  by  means  of  the  cylinder  a may  be 
arranged  in  series  or  parallel ; c is  the  movable  coil,  s is  a spiral  spring.  The 
movable  coil  c possesses  a resistance  of  400  ohms.  The  construction  of  the 
instrument  enables  it  to  give  readings  directly  in  horse-power. 

The  dynamometer  constructed  by  Siemens  for  measuring  strong  currents  is 
shown  in  Fig.  155.  The  movable  circuit  w w has  only  one  coil  of  thick 
wire,  whilst  the  fixed  coil  a a consists  of  wires  having  a number  of  turns.  The 
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ends  of  the  movable  coil  dip  into  mercury  cups  into  which  the  current  is 
directed ; f is  a spiral  spring  which  holds  the  movable  coil  in  position ; z 
is  a pointer  attached  to  the  movable  coil,  and  moving  over  t,  a graduated  scale. 
The  wire  ends  of  the  fixed  coil  are  so  connected  with  the  binding  screws 
I,  2,  and  3,  and  the  mercury  cups,  that  the  current  may  be  sent  either 
through  a few  turns  of  the  fixed  coil  and  the  movable  coil,  or  through  many 
turns  of  the  fixed  coil  and  the  mov- 
able coil,  to  adapt  the  instrument 
to  currents  of  different  strengths.  As 
the  movable  coil  has  only  one  turn, 
the  earth’s  magnetism  will  therefore 
have  very  little  influence  upon  its 
position.  The  deviation  of  the  mov- 
able circuit  is  counteracted  by  the 
torsion  of  the  spring,  which  can  be 
applied  by  means  of  the  knob  at 
the  top.  The  angle  through  which 
the  spring  has  to  be  moved  is  the 
measure  of  the  square  of  the  strength 
of  the  current.  The  instrument  is 
adjusted  for  measurement  according 
to  the  usual  units  by  inserting  in  the 
circuit  at  the  same  time  a copper 
voltameter.  From  the  amount  of 
copper  separated  out,  the  strength  of 
the  current  is  calculated  in  ampbres. 

The  motion  of  the  coil  being  propor- 
tional to  the  square  of  the  strength  of 
the  current,  the  square  root  of  the 
dynamometer’s  indication  will  give  the 
strength  of  the  current ; the  proportion 
of  this  to  the  strength  of  current  ob-  *55’  Siemens  Electro- Dynamometer. 

tained  by  the  voltameter  will  give  the 

reduction  factor,  or  constant  of  the  instrument,  that  is,  that  number  which  will 
enable  us  to  reduce  the  indications  of  the  dynamometer  to  ampbres.  This 
number  is  called  the  constant  of  the  apparatus,  because,  once  determined,  all 
calculations  may  be  easily  effected  by  means  of  it. 


ELECTRO-MAGNETISM. 

Discovery  of  Electro-Magnetism. — Arago,  in  1820,  observed  that 
iron  filings  which  were  near  a copper  wire  conveying  a current  surrounded  it 
cylindrically.  The  wire  through  which  the  current  flowed  did  not  attract  the 
filings,  but  gave  to  them  a distinct  position ; and  when  the  filings  were  thus 
directed  they  attracted  each  other,  and  then  covered  the  copper  wire.  The 
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current  in  the  copper  wire  converted  each  filing  into  a magnet;  and  caused 
these  to  place  themselves  with  the  longest  axis  at  right  angles  to  the  direction 
ot  the  current.  The  phenomenon  disappeared  whenever  the  current  was  in- 
errupted.  Arago  found  further,  that  when  iron  needles  were  placed  in  a glass 
tube  round  which  a current  was  made  to  circulate,  the  needles  became  magnetic- 
the  .magnetism  disappeared  as  soon  as  the  current  was  stopped  in  the 
spiral.  The  magnetism  was,  however,  retained  after  the  ceasing  of  the  current 
when,  instead  of  iron,  steel  needles  were  taken.  The  magnetising  power  of  the 
current  is  very  evident  when  the  current  is  made  to  flow  in  spiral  form  round 
an  iron  rod.  If  the  rod  is  of  wrought  iron,  nearly  all  its  magnetism  disappears 
after  the  current  ceases;  but  if  steel  be  taken,  the  steel  rod  only  loses  part 


Fig.  1156. — A Circuit  movable  about  a Vertical  Axis. 


of  its  magnetism  after  the  interruption  of  the  current.  The  soft  iron  surrounded 
by  a current  is  called  an  electro-magnet. 

To  produce  powerful  magnets  by  means  of  currents,  which  is  the  method  now 
usually  adopted,  the  following  method  was  suggested  by  Elias.  A short  thick 
hollow  cylinder  of  covered  copper  wire  is  made,  and  the  rod  to  be  magnetised 
is  drawn  several  times  backward  and  forward,  whilst  a powerful  current  passes 
through  the  coil.  The  steel  rod  is  then  held  fast  at  its  middle,  and  the  current 
stopped.  For  the  source  of  electricity  a battery  consisting  of  large  plates  ought 
to  be  used,  so  as  to  obtain  a small  internal  resistance.  The  magnetism  of 
the  rod  increases  with  the  number  of  turns  of  wire  through  which  the  current 
flows ; and  the  strength  of  the  current  itself,  of  course,  influences  the  magnetism 
in  the  bar. 

Directing  Power  of  the  Earth’s  Magnetism  on  a Movable  Coil. 
— We  have  had  repeatedly  to  mention  the  controlling  force  of  the  earth  upon 
certain  bodies  free  to  move.  Let  us  consider,  with  the  help  of  Fig.  156,  the 
effects  of  earth  currents  upon  vertical  planes  through  which  electric  currents  are 
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passing.  Let  abed  represent  the  circuit  movable  round  a vertical  axis  h g, 
and  let  wo  be  the  resultant  of  all  the  earth  currents,  which  we  will  call,  in 
short,  the  earth  current  According  to  Ampere’s  theory,  this  current  must  be  at 
right  angles  to  the  magnetic  meridian  from  east  to  west.  As  every  such  circuit 
compared  with  the  earth  circuit  is  infinitely  small,  the  difference  in  the  distances 
of  currents  ab  and  dc  from  ow  need  not  be  considered  further,  the  currents 
m ab  and  d c are  of  equal  strength  and  opposite  directions,  and  therefore  it 
follows  that  the  effect  which  the  earth  current  has  upon  the  horizontal  currents 
a^  and  cd  is  equal  to  o.  It  is,  however,  different  with  the  vertical  currents  ad 
and  bc\  these  stand  in  the  same  relationship  to  the  earth  current  as  the  current 


Fig-  *57* — ^ Circuit  movable  about  a Horizontal  Axis. 

s stands  to  current  ab  in  Fig.  150  (page  164).  Currents  cb  and  ow  will  cut 
each  other  in  f;  cb  flows  towards  it,  Fofrom  it;  hence  the  two  currents  will 
repel  each  other  in  the  direction  g b.  The  currents  c b and  o f flow  both  towards 
F,  hence  they  will  attract  each  other  in  the  direction  b 0.  The  resultant  of  these 
two  forces  will  lie  in  the  direction  b r^,  and  will  tend  to  move  the  circuit  in  that 
direction.  The  currents  a d and  o w cut  in  e,  ad  and  e w flow  away  from  e, 
and  attract  each  other  in  the  direction  a w.  Again,  a d flows  from  e,  G e flows 
towards  it ; these  two  will,  therefore,  repel  each  other  in  the  direction  g a.  The 
resultant  of  these  two  forces  tries  to  move  the  circuit  in  the  direction  a r. 
The  circuit  abed  can  only  move  round  its  vertical  axis  h g ; and  the  resultants 
R and  R;^  tend  to  turn  the  circuit  towards  different  directions,  that  is,  to  move 
it  round  G h.  The  circuit  will  therefore  rotate.  A single  position  must  be 
excepted ; this  position  is  evidently  that  of  the  circuit  in  which  the  ascending 
current  lies  west,  and  the  descending  current  east,  from  the  axis  gh;  in  this 
position  of  abed  alone  the  two  forces  are  equal  to  each  other,  and  their 
directions,  although  opposite  to  each  other,  fall  in  one  and  the  same  line. 
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Hence,  a movable  circuit  rotating  round  a vertical  axis  places  itself  always  per- 
pendicular to  the  magnetic  meridian  in  such  a manner  that  the  ascending 
current  lies  west,  the  descending  one  east. 

We  have  next  to  determine  the  resultant  effect  of  all  the  earth  currents 
on  a circuit  movable  like  the  dipping  needle  about  a horizontal  axis.  The 
apparatus  devised  for  this  experiment,  by  Ampere,  is  shown  in  Fig.  157.. 
It  consists  of  the  wire  frame  a b c d e f g,  which  is  movable  round  the  hori- 
zontal axis  f g.  The  black  pieces  where  the  wires  a f and  c d intersect  or 
cross  f g are  made  of  insulating  material.  The  current  is  sent  through  the 
pillars  T Tj^.  The  wooden  piece  h r only  serves  to  support  the  wire  frame,  and  is 
so  arranged  that  its  centre  of  gravity  lies  in  the  axis  fg.  The  apparatus  is  placed 
with  the  axis  fg  at  right  angles  to  the  magnetic  meridian.  If  a current  be  passed 
in  the  direction  indicated  by  the  arrows  a b c d e f g t).,  the  frame  will 
arrange  itself  at  right  angles  to  the  direction  of  dip.  The  side  will  be  lowest 
where  the  current  flows  from  east  to  west  [cb)  as  in  the  flgure.  The  reason  of 
this  is  that  the  currents  in  these  two  sides  run  parallel  to  the  earth  current.  The 
laws  for  parallel  currents  here  apply,  and  as  the  earth  current  flows  from  east  to 
west,  the  side  cb,  through  which  the  battery  current  has  this  direction,  must  be 
attracted.  The  side  de,  in  which  the  current  has  the  opposite  direction,  is 
repelled.  The  currents  m b e and  cd  being  opposite,  and  capable  of  moving 
only  round  the  axis need  not  be  considered.* 

Earth  Currents. — These  earth  currents  have  received  much  attention, 
although  nothing  definite  as  yet  has  been  proved  regarding  them.  There  seems 
little  doubt  that  most  of  the  different  magnetic  disturbances  are  due  to  earth 
currents.  The  electrical  conditions  between  the  earth  and  air  equalise  each 
other  in  different  ways  at  different  latitudes.  In  the  polar  regions,  for  instance, 
the  aurora  borealis  is  the  result  of  the  difference  of  electrical  condition  between 
the  earth  and  air.  At  the  equator  thunder-storms  are  the  result 

Influence  of  the  Sun. — Many  attempts  have  been  made  to  find  a con- 
nection between  the  spots  and  prominences  in  the  sun,  and  the  electrical 
phenomena  on  the  earth.  Professor  Forster  says  that  by  numerous  magnetic 
observations  of  the  last  thirty  or  forty  years,  it  has  been  proved  that  the  formation 
of  black  spots  on  the  surface  of  the  sun,  and  the  generation  of  pillars  and  clouds 
of  glowing  gases  in  the  immediate  neighbourhood  of  the  sun,  stand  in  close 
connection  with  certain  deviations  in  direction  and  intensity  of  the  earth’s 
magnetic  forces. 

That  earth  currents  may  attain  considerable  intensity  during  the  so-called 
magnetic  storms  was  observed  on  the  telegraph  circuit  of  Gothenburgh-Nystad 
during  the  appearance  of  an  aurora  borealis  in  1880.  Three-fourths  of  this 
circuit  consists  of  overhead  wires,  and  one-fourth  lies  under  the  surface  of  the 
earth,  that  is,  it  is  a cable.  The  conductor  appeared  at  times  positively  charged, 
and  then  at  other  times  negatively  charged,  and  produced  a deflection  in  the 

* All  the  foregoing  problems  are  more  easily  solved  by  considering  the  directions  of  the  magnetic 
fields  set  up  by  the  various  currents. — R.  M.  W. 
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apparatus  which  exceeded  the  deflection  produced  by  200  Leclanchd  cells. 
When  the  conductor  was  connected  to  earth,  and  then  again  disconnected, 
strongly  glowing  sparks  were  observed  to  pass,  and  the  wires  were  heated  to 
such  an  extent  that  the  guttapercha  covering  began  to  melt.  After  these  and 
similar  observations,  and  the  investigations  of  the  Swedish  physicist,  Wijkander, 
there  can  be  no  longer  any  doubt  that  local  fluctuations  of  the  earth  current 
spreading  over  small  areas  only,  are  due  to  the  inductive  action  of  local  thunder- 
storms. With  equal  truth  it  may  be  assumed  that  electrical  tensions  and 
neutralisations  distributed  over  larger  surfaces  of  the  earth,  are  the  causes  of 
the  disturbances  observed  in  longer  telegraphic  circuits. 

Action  of  the  Earth  on  Solenoids. — Let  us  return  to  the  effects  of 
the  earth’s  magnetism  on  planes  free  to  move,  surrounded  by  currents.  Such 
planes  will  assume  the  same  position  on  account  of  the  controlling  force  of  the 
earth.  The  phenomenon  is  produced  the  more  easily  when,  instead  of  having 


simply  one  turn,  the  circuit  has  many  turns  parallel  to  each  other.  When  a 
circuit  has  a form  similar  to  that  represented  in  Fig.  158,  it  is  termed  a 
solenoid.  Hence  a solenoid  may  be  considered  as  a system  of  parallel  currents, 
each  turn  of  which  is  almost  a circle,  and  is  connected  by  a small  piece  with  the 
next  circle.  The  sum  of  all  the  connecting  pieces  will  be  equal  to  the  straight 
line  A E.  The  direction  in  which  the  current  circulates  in  this  system  is  indi- 
cated by  the  arrow-heads.  The  current  in  the  straight  wire  a b flows  in  the 
opposite  direction  to  that  of  the  connecting  pieces  between  the  circles.  The 
effects  of  these  two  currents  will  neutralise  each  other,  and  only  the  circular 
currents  need  be  taken  into  consideration.  If  such  a solenoid  be  suspended  so 
as  to  move  about  a vertical  axis,  it  will  assume  a position  parallel  to  the  declina- 
tion needle.  In  other  words,  a solenoid  will  behave  like  a magnet ; that  end 
will  point  south  in  which  the  current  moves  with  the  hands  of  a watch;  the 
end  pointing  north  will  have  the  current  flowing  against  the  hands  of  a watch. 
It  is  usual,  therefore,  to  speak  of  the  ends  as  the  poles  of  the  solenoid,  as  we 
speak  of  the  poles  of  a magnet.  If  the  axis  of  rotation  of  a solenoid  be 
arranged  as  in  the  circuit  represented  in  Fig.  157,  it  will  assume  a position 
parallel  to  the  dip  or  inclination  needle.  When  a current  passes  above  or  below 
a solenoid  which  is  parallel  to  the  declination  needle,  the  solenoid  will  be 
affected  in  the  same  manner  as  the  needle  would  be.  Like  or  similar  poles 
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of  solenoids  repel  each  other ; opposite  poles  attract  each  other.  The  same 
effects,  then,  may  be  obtained  by  solenoids  as  by  magnets.  Even  simple 
currents  show  the  same  properties : they,  too,  are  solenoids,  but  solenoids  of 
very  short  length. 

Ampere  s Theory  of  Magnetism. — The  evident  similarity  in  the  be- 
haviour of  magnets  and  solenoids  led  to  Ampere's  theory  of  magnetism.  Solenoids 
and  magnets  obey  the  same  laws.  The  force  of  attraction  or  repulsion  between 
their  poles  is  directly  proportional  to  the  product  of  the  intensities,  and  inversely 
proportional  to  the  square  of  the  distance.  Solenoid  and  magnet  affect  each 


Fig.  159.— Ampere’s  Notion  of  a Magnet. 


Fig.  160. — Attractive  Action  of  two  Magnets. 


Fig.  161. — Repellent  Action  of  two  Magnets. 


other  exactly  as  two  magnets  would.  These  phenomena  led  Ampere  to  give 
up  his  former  theory  of  two  magnetic  fluids,  and  to  suggest  that  magnetism 
is  nothing  else  than  parallelism  of  electric  currents.  By  means  of  Ampere’s 
theory  all  magnetic  phenomena  find  a simple  explanation ; a magnet  may  be 
assumed  to  consist  of  a bundle  of  solenoids,  with  their  similar  poles  arranged  in 
the  same  direction.  According  to  Ampbre’s  theory,  a current  at  the  south  pole 
of  a magnet  will  flow  clockwise,  at  the  north  pole  anti-clockwise,  the  pole  in 
question  pointing  towards  the  observer.  If  the  observer  stand  before  the  south 
pole  of  the  solenoid  (Fig.  159),  the  current  enters  at  s,  and  flows  without 
altering  its  direction  through  all  the  turns,  and  out  again  at  n.  Place  a watch 
with  its  face  towards  the  observer,  the  current  will  move  with  the  hands;  if 
now  the  observer  moves  to  face  the  north  pole,  still  having  the  watch  facing 
him,  he  will  see  the  current  move  against  the  hands  of  the  watch.  When 
the  declination  needle  is  at  rest  the  current  flows  upwards  on  the  west  side  of 
the  south-seeking  pole,  and  downwards  on  the  east  side.  If  every  kind  of 
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magnetism  (earth  magnetism  too)  be  due  to  electrical  currents,  it  must  be  the 
earth  currents  which  determine  the  position  of  the  magnet  or  solenoid.  The 
earth  current  flows  from  east  to  west,  and  the  current  at  the  south  pole  of  the 
magnet  has  the  same  direction  at  its  lower  side,  and  the  opposite  direction 
at  its  upper  side. 

The  attraction  and  repulsion  of  magnets  are  explained  by  Ampere’s  theory  as 
the  effects  of  two  currents  upon  each  other.  The.  solenoid  currents  s n and 
Sj  Nj,  in  Fig.  160,  are  parallel  to 
each  other,  and  flow  in  the  same 
direction,  therefore  they  attract 
each  other.  The  currents  in 
s N and  Sj  n^.  Fig.  161,  are 
parallel  to  each  other,  but  flow 
in  opposite  directions,  therefore 
they  repel  each  other. 

Mutual  Effects  of  Gal- 
vanic Currents  and  Mag- 
nets.— We  know  that  when  a 
current  passes  either  above  or 
below  a magnetic  needle,  the 
needle  will  alter  its  position. 

The  direction  of  motion  is  in 
accordance  with  Amphre’s  rule : 

Imagine  a man  swimming  in  the 
direction  of  the  current  with  face 
towards  the  needle,  the  deviation 
of  the  ■ needle  will  take  place  in 
such  a manner  that  the  north 
pole  will  move  in  the  direction 
of  the  man’s  left  hand.  Fig.  162 
represents  a circuit  with  one  of 
its  planes  parallel  to  the  magnetic 
meridian  ; a positive  current  is  sent  through  it  in  the  direction  a b-  c d e.  ns 
and  n s are  small  magnets  moving  round  a vertical  axis.  Magnet  n s,  according 
to  the  above  rule,  must  reach  the  position  n^s^.  To  obtain  the  deviation  for 
the  magnet  n j,  we  must  imagine  the  human  figure  lying  on  its  back  upon  d e, 
'\ith  its  head  towards  e,  and  its  feet  towards  D.  The  left  arm  will  then  point  to- 
wards the  left  of  the  drawing,  and  the  needle  will  have  to  assume  the  position 
The  direction  of  the  needle  may  further  be  determined  by  imagining  the 
solenoids  substituted  for  magnets.  The  system  of  parallel  currents  in  the 
solenoid  will  be  directed  by  the  current  through  the  circuit  abode.  The 
solenoid  will  turn  therefore  in  the  direction  indicated  by  and  Nj  Sj.  When 
the  observer  stands  at  the  right-hand  side  of  the  drawing,  the  current  will  be 
ound  to  circulate  in  the  direction  of  the  hands  of  a watch.  The  magnets  or 


Fig.  162. — Theory  of  the  Action  between  Current 
and  Magnet. 
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solenoids  have  to  arrange  their  circuits  parallel  to  the  circuit  a b c D E so  that 
those  horizontal  parts  of  the  circuit  which  are  nearest  the  circuit  a b c d have 
the  same  direction  as  the  current  in  a b c d.  Hence,  in  Fig.  162  the  magnet 
N s must  set  itself  so  that  its  upper  horizontal  current  flows  in  the  direction 
from  B to  c,  the  lower  horizontal  current  in  « ^ must  flow  in  the  direction  from 
D to  E. 

Rotation  produced  by  Magnets. — Just  as  a current  affects  a magnet, 
the  magnet  in  its  turn  influences  conductors  through  which  a current  passes, 


and  can  give  to  ttiem,  when  properly  arranged,  a continuous  rotation.  An 
arrangement  which  will  effect  such  rotation  is  shown  in  Fig.  j 63.  If  we  suppose 
the  current  to  flow  in  the  direction  indicated  by  the  arrows,  the  conductor 
s Sj  moves  round  the  north  pole  n of  a magnet  clockwise.  Why  this  rotation 
takes  place  hardly  needs  further  explanation ; it  is  simply  again  the  effect  of  a 
horizontal  current  A b upon  a closed  circuit  s,  which  brings  into  action  the 
couple  R Rj. 

In  tracing  the  effects  ot  a b upon  s,  to  obtain  the  resultant  r compare 
Fig.  163  with  Fig.  150,  page  162;  in  both  figures  analogous  parts  have  the 
same  letters.  The  whole  apparatus  is  shown  in  Fig.  164.  The  metal  rod 
is  surrounded  by  a bundle  of  magnets  n s,  with  their  north  poles  pointing 
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upwards.  The  top  of  t has  a mercury  cup,  into  which  one  end  of  the  circuit 
dips.  The  other  ends  aX  a b are  points,  which  also  dip  into  mercury.  The 
current  is  sent  through  the  binding  screw  K,  flows  through  t,  then  down  da  and 
c b,  through  the  mercury  to  the  vertical  supports,  and  out  at  K^.  The  rotation 
of  the  conductor  takes  place  in  the  manner  indicated  in  Fig.  163,  through  the 
action  of  the  north  pole  upon  the  two  descending  branches  of  the  current.  The 
south  pole,  too,  will  influence  them,  but  being  farther  away  than  the  north 
pole,  will  have  less  effect.  The  same  result  is  obtained  when,  instead  of 
the  bundle  of  magnets  n s,  the  solenoid  N;^  is  used.  The  current  may 
be  fixed,  and  the  magnets  so  arranged  as  to  rotate.  An  apparatus,  in  which 
the  rotation  of  magnets  is  brought  about  by  a current,  is  shown  in  Fig. 
165.  « has  a mercury  cup,  and  is  connected  \i^ith  the  screw  p.  The  magnets 

n s and  are  connected  with  each  other  by  means  of  a horizontal 

piece  fastened  to  b,  which  moves  in 
mercury  at  both  ends.  The  point 
s dips  into  the  upper  mercury  cup 
of  b,  and  a wire  leading  from  the 
horizontal  cross-piece  dips  into  the 
mercury  contained  in  the  groove  r, 
which  is  in  connection  with  the 
stand  T and  the  binding  screw  py 
The  positive  current  enters  the 
apparatus  at  p,  flows  through  a, 
then  into  the  mercury  at  r,  from 
here  through  t,  and  out  at  py  The 
magnets  move  round  the  axis  a b m. 
the  direction  indicated  by  the  arrow. 

Laws  of  Electro-Magnets. 

— Jacobi  and  Lenz  arrived  experi- 
mentally at  the  following  laws  of 
electro-magnets : (i)  The  electro- 
magnetic moment  or  strength  of  the 

magnetism  produced  in  one  and  the  same  rod  is  directly  proportional  to  the 
number  of  turns  in  the  coil;  and  (2)  is  directly  proportional  to  the  strength 
of  the  current;  (3)  is  independent  of  the  thickness  and  material  of  the  con- 
ducting wire ; (4)  is  independent  of  the  diameter  of  the  coils.  The  product 
of  the  number  of  turnings  and  the  strength  of  the  current  is  called  the  magnet- 
ising force  of  the  spiral. 

The  more  exact  experiments  made  by  Muller  proved  that  the  above  law 
only  holds  good  when  the  cross  section  of  the  rod  does  not  become  too  small ; 
and  further,  that  the  magnetic  moment  of  a rod  cannot  be  increased  beyond  a 
certain  point.  When  very  thin  rods  are  taken,  the  magnetic  moment  increases 
more  rapidly  than  the  magnetising  force.  Dub  mentioned  that  the  electro- 
magnetism of  a rod  is  proportional  to  the  square  root  of  its  cross  section,  but 


Fig.  165. — Rotating  Magnets. 
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Muller  considers  this  to  be  correct  only  so  long  as  the  magnetism  is  proportional 
to  the  strength  of  the  current. 

Soft  iron,  poor  in  carbon,  becomes  strongly  magnetised,  but  only  temporarily ; 
whilst  steel,  rich  in  carbon,  becomes  permanently  magnetised.  Permanent 
magnetism  increases  with  the  carbon  in  the  iron.  As  we  assume  magnetisa- 
tion of  an  iron  bar  to  be  due  to  the  settling  of  the  molecular  currents  in  parallel 
directions,  the  disappearance  of  the  magnetism  must  therefore  be  due  to  the 
molecular  currents  again  assuming  their  original  mixed  directions.  In  .soft 
iron  these  changes  are  brought  about  very  easily,  and  there  is  even  evidence 
that  when  the  united  currents  are  released  they  sometimes  go  beyond  their 
original  line,  and  produce  in  the  iron  what  is  called  reverse  permanent  mag- 
netism. This  phenomenon  was  observed  by  Waltenhofen  when  the  mag- 
netising current  was  suddenly  stopped. 


Fig.  166. — Electro- Magnet. 


Fig.  167. — Conical  Coils. 


Fig.  168. 
Bell  Magnet. 


Forms  of  Electro-Magnets. — Different  forms  are  given  to  electro- 
magnets, according  to  the  purpose  they  have  to  serve.  Fig.  166  represents  a horse- 
shoe electro-magnet.  Two  cylindrical  pieces  of  iron  are  fastened  to  a horizontal 
piece  of  iron,  parallel  to  each  other,  and  are  surrounded  by  a coil  or  bobbin  of  wire. 
The  directions  in  the  turns  of  the  wire  are  opposite  to  each  other  in  the  two 
coils.  To  obtain  strong  effects  with  short  wires,  Thomson  winds  the  wire  round 
bobbins  in  conical  form  (Fig.  167).  Coraacho  winds  the  wire  round  a thin  iron  rod, 
and  over  the  wire  he  pushes  an  iron  tube,  then  wraps  wire  again  round  the  tube, 
and  so  on ; such  a magnet  is  said  to  be  four  or  five  times  as  strong  as  an  ordinary 
one.  Fig.  168  represents  a so-called  bell  magnet,  a form  given  to  the  magnet  by 
Romershausen.  It  consists  of  a hollow  cylinder  closed  at  one  end,  into  which 
fits  an  iron  core  with  wire  round  it. 

For  practical  purposes  it  is  often  necessary  that  the  electro-magnets  shall  lose 
their  magnetism  quickly  and  thoroughly.  The  iron  core  is  then  not  made  of 
one  piece,  but  consists  of  a bundle  of  wires,  which  are  insulated ; such  a 
bundle,  however,  will  have  less  magnetic  force  than  a single  piece  of  the  same 
cross  section. 

Sound  produced  on  Magnetisation. — Page,  in  1838,  observed  that  a 
magnet  during  the  process  of  magnetisation  by  the  current  emitted  sounds. 
Ten  years  later  Wertheim  investigated  the  subject.  In  the  circuit  which  he  used 
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for  magnetisation  an  automatic  contact  breaker  was  inserted.  He  then  found 
that  the  pitch  of  the  sound  was  independent  of  the  number  of  interruptions. 
Changes  in  the  thickness  of  the  rod  had  also  no  effect.  Johann  Philipp  Reis 
caused  the  oscillations  of  a con- 
tact breaker  to  synchronise  with 
the  vibrations  producing  a sound  ; 
he  then  obtained  a sound  from 
the  iron  bar  the  pitch  of  which 
was  equal  to  the  pitch  of  the  sound 
interrupting  the  current.  On  the 
basis  of  this  he  constructed  his 
telephone,  and  exhibited  it  in 
1 86 1 to  the  Scientific  Society  of 
Frankfort. 

Poggendorff  obtained  very 
strong  magnetic  sounds  when  he 
placed  a cylinder  of  sheet  iron, 
open  at  one  side,  over  a vertical 
magnetising  spiral.  Wertheim  ob- 
served that  an  iron  bar  becomes 
longer  through  magnetisation. 

Alfred  Mayer  took  the  subject  up 
(1874),  and  found  iron  rods  as  well 
as  steel  rods  become  suddenly 
longer  during  the  first  magneti- 
sation ; that  after  the  magnetising 
current  ceases  an  iron  bar  gradually 
assumes  its  original  length,  but  a Fig.  169.— Apparatus  for  Diamagnetic  Experiments. 

steel  rod  becomes  again  suddenly 

shorter.  Repeated  magnetisations  cause  elongation  in  the  iron  bars,  but  shorten 
the  steel  bars.  The  whole  subject  has  recently  been  very  fully  investigated  by 
Mr.  Shelford  Bidwell. 


DIAMAGNETISM. 

Magnetic  and  Diamagnetic  Bodies. — By  using  very  powerful 
electro-magnets  we  find  that  not  only  is  iron  affected  by  them,  but  also  other 
substances.  Those  substances  are  called  paramagnetic  which  are  attracted  by 
both  poles  of  the  magnet,  and  those  bodies  are  diamagnetic  which  are 
repelled  by  both  poles.  Faraday,  in  1845,  pointed  out  that  almost  all  bodies 
can  be  placed  under  one  or  other  of  these  heads.  To  determine  to  which  group 
a substance  belongs  very  powerful  magnets  have  to  be  used.  Fig.  169  shows  an 
apparatus  for  diamagnetic  determinations.  On  the  iron  cross-bar  p the  two 
magnets  n and  s are  fastened.  Pieces  of  soft  iron  are  screwed  to  the  poles, 
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and  into  these  pole-pieces  are  inserted  the  pointed  iron  cylinders  e which  can 
be  adjusted  by  means  of  the  screws  ^ Objects  to  be  examined  may  be 
either  placed  upon  r,  the  top  of  which  is  movable,  or  suspended  from  t. 
An  iron  bar  brought  between  the  poles  of  this  instrument  will  set  itself  in  the 
line  of  the  poles ; or,  as  Faraday  called  it,  axially.  If  bismuth  be  taken  instead 
of  iron,  it  places  itself  across  the  line  of  the  poles,  or  equatorially.  By  similar 
experiments  Faraday  arranged  the  following  list : 

Paramagnetic  : Iron,  nickel,  cobalt,  platinum,  manganese,  chromium,  etc. 

Diamagnetic  : Bismuth,  antimony,  zinc,  cadmium,  mercury,  platinum,  silver, 
copper,  gold,  arsenic,  uranium,  etc.,  phosphorus,  sulphur,  iodine. 

The  salts  and  oxides  were  also  examined,  and  it  was  found  that  compounds  of 
iron,  nickel,  cobalt  behaved  paramagnetically,  with  the  exception  of  ferrocyanide 
of  potassium,  which  is  diamagnetic.  Pliicker  for  this  purpose  made  the  tops  of  his 
magnets  flat,  and  placed  upon  them  watch-glasses  holding  the  liquids.  The 


Fig.  170. — Paramagnetic  Fluid.  Fig.  I7i> — Diamagnetic  Fluid. 


paramagnetic  fluids  assumed  the  form  shown  in  Fig.  1703  the  diamagnetic 
fluids,  the  form  in  Fig.  171.  Water  proved  to  be  strongly  diamagnetic. 

It  is  a peculiar  phenomenon  that  magnetic  bodies  change  their  character  when 
the  surrounding  medium  is  altered.  For  instance,  paramagnetic  bodies  surrounded 
by  stronger  magnetised  bodies  become  diamagnetic ; and  diamagnetic  bodies 
surrounded  by  stronger  diamagnetic  bodies  become  paramagnetic.  Gases  and 
vapours  were  also  examined.  Faraday  made  gases  mixed  with  a little  HCl  rise 
between  the  poles  of  the  electro-magnet ; tubes  for  holding  the  gas  were 
arranged  axially  and  equatorially.  Gases  were  also  enclosed  in  soap  bubbles 
and  thin  glass  globes.  In  air  most  gases  proved  to  be  diamagnetic ; oxygen,* 
however,  was  paramagnetic.  Oxygen  enclosed  in  a thin  glass  globe  is  strongly 
attracted,  hydrogen  strongly  repelled,  h lames,  too,  are  influenced.  An  iron 
bar  when  near  a magnet  is  attracted,  because  the  magnet  induces  opposite 
magnetism  in  the  end  nearest  to  it,  which  leads  to  attraction.  The  reverse  will 
take  place  in  a bismuth  rod.  Weber  constructed  an  instrument,  the  diamag- 
netometer,  by  means  of  which  he  measured  the  magnetic  moment  of  bismuth ; 
and  he  found  it  to  be  1,500,000  times  less  than  that  of  a piece  of  iron  of  the 

same  size.  , . . 

The  fact  that  diamagnetic  bodies  can  assume  polar  conditions  explains  the 
magnetic  behaviour  of  bodies  in  different  mediums.  If,  for  instance,  the  mediuni 
be  diamagnetic  and  the  body  to  be  examined  also  diamagnetic,  m the  line  of 
• Professor  Dewar  has  recently  {1892)  very  strikingly  shown  that  liquid  o.xygen  is  strongly 
paramagnetic. 
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each  magnet  both  the  medium  and  the  body  will  have  the  same  polarity.  The 
poles  of  the  magnet  try,  therefore,  to  repel  both  and  to  place  them  equatorially. 
The  medium,  too,  on  account  of  its  polarisation,  tries  to  repel  the  body  and  to 
arrange  it  equatorially  to  the  medium  and  axially  to  the  pole.  Hence,  although 
the  body  belongs  to  the  diamagnetic  substances,  in  the  diamagnetic  medium  it 
may  appear  paramagnetic.  Whether  the  medium  or  the  poles  have  the  pre- 
dominating effect  depends  upon  the  strength  of  the  magnetic  force  which  has 
been  given  to  the  medium  and  body.  If  a body  and  medium  show  sinrilar 
magnetism,  and  the  medium  is  more  strongly  para-  or  dia-magnetic  than  the  body, 
the  body  will  show  opposite  magnetism  in  this  medium  to  that  exhibited  in  a 
medium  more  weakly  para-  or  dia-magnetic  than  the  body. 


Fig.  172. — Action  of  a Magnet  on  Polarised  Light. 


Spheres  made  of  magnetic  substances  assume  no  distinct  position  between 
the.  poles  of  a magnet,  as  their  mass  is  regularly  distributed  in  all  directions ; 
if,  however,  balls  be  made  of  certain  crystals,  they  will  arrange  themselves  with 
their  optic  axes  either  axially  or  equatorially.  Faraday,  who  attributes  this 
phenomenon  to  a peculiarity  which  the  crystals  possess,  calls  it  magnecrys- 
tallic  force. 

Rotation  of  the  Plane  of  Polarisation  of  a Ray  of  Light. — 
I araday  discovered  that  -a  powerful  magnet  is  capable  of  turning  the  plane  of 
polarisation  in  a transparent  medium.  A ray  of  light  is  said  to  be  polarised 
when  it  can  be  reflected  at  the  surface  of  glass  in  one  position,  but  not  in 
another;  or  when  it  can  be  transmitted  through  a plate  of  tourmaline  in  one 
position,  but  not  when  the  plate  is  turned  at  right  angles  to  this  position. 
Ordinary  light  can  be  reduced  to  this  condition  by  passing  it  through  what 
IS  called  a polarising  apparatus.  A Nicol  prism  or  a thin  slice  of  tourmaline 
wi  1 answer  the  purpose.  The  plane  in  which  a ray  is  polarised  can  be 
etected  by  observing  it  through  a second  polarising  apparatus  (Nicol  prism, 
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or  tourmaline).  Every  polariser  is  opaque  to  rays  polarised  m a plane  at 
right  angles  to  that  plane  in  which  it  would  itself  polarise  light.  Hence,  of 
two  such  pieces,  one  polarises  the  light,  and  the  other  tests  the  light  and  shows 
it  to  be  polarised.  The  first  is  called  the  polariser,  the  second  the  analyser. 

Faraday,  in  1845,  caused  a polarised  ray  to  pass  through  a piece  of  certain 
“ heavy  glass  ” lying  in  a powerful  magnetic  field  between  the  poles  of  a 
large  electro-magnet,  through  the  coils  of  which  a current  could  be  sent  at 
pleasure.  Under  these  circumstances  he  found  that  the  plane  of  polarisation 
was  rotated  in  a marked  degree. 

This  rotation  of  the  polarisation  plane  may  be  shown  by  means  of  the  instru- 
ment represented  in  Fig.  172.  This  arrangement  of  the  apparatus  is  due  to 
Ruhmkorff.  The  magnets  n s are  placed  horizontally,  with  their  poles  opposite 
to  each  other.  The  iron  cores  of  the  magnets  have  a bore  through  their  whole 
length.  The  iron  plate  which  connects  the  two  iron  cores  consists  of  three 
pieces,  e h e^.  On  the  horizontal  piece  h the  two  pieces  e and  e^,  bent  at  right 


fig-  173- — Induction  by  a Solenoid.  Fig.  174. 


angles,  are  movable,  so  as  to  alter  the  distance  between  the  two  poles.  The  com- 
mutator c reverses  the  current  at  will.  When  rotation  of  the  polarisation  plane 
is  to  be  observed,  the  polariser  is  placed  at  «,  in  the  bore  of  the  iron  core ; the 
analyser,  which  has  a scale,  is  placed  at  The  source  of  light  is  placed  at  L, 
and  upon  t the  body  under  examination.  The  two  Nicols  (polariser  and 
analyser)  are  then  so  arranged  that  the  field  of  vision  remains  dark ; when  now 
contact  is  made,  the  field  of  vision  again  becomes  bright.  The  angle  through 
which  the  analyser  has  to  be  moved  to  produce  dai'kness  again,  gives  the 
amount  of  rotation  of  the  polarisation  plane  by  the  magnet.  The  amount  of 
rotation  is  proportional  to  the  strength  of  the  current  and  the  length  of  the 
column  of  liquid  or  transparent  medium. 


INDUCTION.  ; 

We  have  seen  that  if  an  iron  bar  be  surrounded  by  a wire  wound  in  , 
spiral  form,  through  which  a current  is  made  to  pass,  the  bar  becomes  a ; 
magnet.  Applying  Ampere’s  theory,  which  we  have  explained,  we  say  that  i 
the  circular  molecular  currents  in  the  rod  arrange  themselves  parallel  to  the  ^ 
currents  in  the  spiral.  This  not  only  happens  when  the  iron  rod  is  inside  the  , 
solenoid,  but  also  when  it  is  near  it.  In  Fig.  173,  a represents  a solenoid,^ 
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through  which  the  current  flows  in  the  direction  of  the  arrows ; N s is  a soft, 
iron  rod.  As  the  currents  in  the*  near  side  of  the  solenoid  flow  upwards,  the 
molecular  currents  in  the  bar  take  the  same  direction.  Hence,  a north  pole 
appears  at  n,  and  a south  pole  at  s.  Parallel  currents,  flowing  in  the  same 
direction,  attract  each  other ; it  follows  that  the  solenoid  and  iron  bar  attract 
each  other,  and  if  the  solenoid  be  fixed  and  the  iron  bar  movable,  the  latter 
will  move  towards  the  former.  The  nearer  the  iron  rod  approaches  to  the 
solenoid,  the  more  will  the  circular  currents  affect  it,  and  the  greater  will  the 
magnetism  become  (provided  the  point  of  saturation  has  not  been  reached). 
The  strength  of  the  induced  magnetism  will  depend  upon  the  number  of  turns 
in  the  coil,  and  strength  of  the  inducing  current.  The  force  with  which  the 
iron  bar  is  attracted  is  therefore  not  merely  proportional  to  the  current.  Dub 
and  Hankel  proved  that  this  force,  within  certain 
limits,  is  proportional  to  the  square  of  the  current. 

We  see  also  that  the  motion  of  the  iron  core  pro- 
duced by  the  force  of  attraction  of  the  solenoid  is 
not  uniform.  As  the  solenoid  approaches  the 
magnet  the  motion  is  accelerated,  then  again 
diminishes,  until  in  a certain  position  the  rod 
remains  at  rest.  This  is  the  case  when  the  centres 
of  bar  and  coil  coincide,  as  shown  in  Fig.  174. 

Equilibrium  occurs  in  this  position,  for  the  forces  of 
attraction  and  repulsion  balance  each  other.  In  the 
position  shown  in  Fig.  173,  s is  much  farther  from  the 
spiral  than  N ; consequently,  the  attraction  between 
s and  N must  be  more  powerful  than  the  repulsion 
between  s and  s.  The  rod  will  therefore  move  to- 
wards the  coil,  the  motion  continuing  until  the  centres 
of  the  rod  and  coil  coincide.  The  force  with  which  an  iron  core  may  be 
drawn  into,  a solenoid,  when  properly  arranged,  may  become  very  consider- 
able, and  a solenoid  placed  vertically  is  able  to  hold  an  iron  core  in  sus- 
pension. A.  V.  Waltenhofen  found  that  a given  current  produces  the  greatest 
effect  when  the  bar  is  made  of  soft  iron.  He  further  found  that  the  force 
of  attraction  of  a solenoid  is  greater  on  a massive  iron  core  than  upon  an  iron 
tube,  when  the  current  has  considerable  strength ; but  if  the  current  be 
weak,  the  reverse  takes  place.  This  may  be  proved  in  the  following  manner, 
by  means  of  a balance : From  the  ends  of  the  balance  beam  two  iron 
cores  are  suspended,  one  solid  and  the  other  hollow.  Under  each  of 
these  cores  is  a coil,  the  two  coils  being  equal  to  one  another,  and  having 
the  same  current  passing  through  them.  As  long  as  the  current  is  weak, 
the  cores  are  either  equally  attracted  or  the  beam  will  move  downwards  on 
the  side  of  the  hollow  core,  the  result  depending  upon  the  thickness  of  the 
material  in  the  hollow  core.  If  now  the  current  be  considerably  increased,  the 
beam  moves  downwards,  on  the  side  of  the  solid  core.  We  may  obtain  equality 
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of  attraction  by  varying  the  number  of  turns  of  the  solenoid,  or  the  amount  of 
matter  of  the  iron  core.  By  the  first  process  we  compensate  for  an  unfavourable 
position  by  using  a greater  number  of  circular  currents  ; in  the  second  process 
we  compensate  for  an  unfavourable  position  by  bringing  a greater  magnetic 
mass  into  action. 

Gaiffe  adopted  the  first  plan  by  arranging  the  solenoid,  not  cylindrically, 
but  conically ; Fr.  Krizik  showed  the  second  case  by  using  iron  cores,  as  seen  in 
Fig-  175-  imagine  each  of  the  bars  in  this  figure  to  be  composed  of 

double  cones  with  their  bases  together,  then  the  force  exerted  by  a solenoid  upon 
any  one  of  them  will  be  uniform  for  a considerable  movement  along  their  lengths. 
In  the  second  part  of  this  work  we  shall  have  an  opportunity  of  studying 
the  effects  of  these  conical  helixes  and  conical  iron  cores. 

Current  Induction  on  “ Make  ” and  Break.”— This  was  dis- 

covered by  Faraday  in  1831,  in  the  following  manner  : A long  copper  wire 
was  wound  round  a wooden  cylinder,  and  between  the  turns  of  this  wire  and 
insulated  from  them  a second  wire  was  wound  in  the  same  manner.  The  ends 
of  the  first  wire  were  connected  with  the  poles  of  a powerful  battery,  the 
ends  of  the  second  wire  were  connected  with  a galvanometer.  Whenever 
the  current  was  sent  through  or  interrupted  in  the  first  or  primary  wire,  a current 
w^as  also  generated  in  the  second  or  secondary  wire,  and  was  indicated 
by  the  deflection  of  the  galvanometer  needle.  The  induced  current,  which 
was  generated  by  making  or  breaking  contact  in  the  primary  current,  was 
sent  through  a coil  wound  round  some  steel  needles,  and  it  was  found  that 
the  steel  needles  became  magnetised ; the  position  of  their  poles  depending 
upon  which  of  the  induced  currents  was  sent  through  the  coil.  These  ex- 
periments proved  that  induced  currents  are  generated  in  a conductor  forming 
a closed  circuit  when  a current  passing  through  a neighbouring  conductor 
is  made  or  broken,  or  has  its  strength  altered;  and  that  the  directions  of  the 
currents  induced  on  making  or  breaking  contact  are  opposite  to  each  other. 

Induction  by  Motion. — Induced  currents  are  produced  when  a con- 
ductor through  which  a current  flows  is  brought  near  to  or  taken  away  from  a 
second  conductor  forming  a closed  circuit.  In  Fig.  176,  p represents  the 
smaller  or  primary  coil  of  stout  wire  joined  to  a battery  cell  e,  s the  secondary 
coil  of  finer  wire  joined  up  to  a sensitive  galvanometer  G.  Whenever  p is 
lowered  or  taken  away  from  s,  the  needle  of  the  galvanometer  indicates  a 
current.  The  directions  of  the  induced  currents  produced  by  the  different 
motions  of  the’  inducing  coil  p will  be  opposite  to  each  other.  The  induced 
current  produced  by  approaching  s to  p flows  in  the  opposite  direction  to  the 
inducing  current  of  the  battery.  The  induced  current  produced  by  removing  F 
from  s flows  concurrently  with  the  inducing  current  of  the  battery. 

We  have,  then,  to  distinguish  four  different  effects : 

I.  An  induced  current  is  generated  in  a conductor  d when  a current  is 
started  in  a near  conductor  a,  the  direction  of  the  induced  current  in  ^ being 
opposite  to  that  of  the  inducing  current  in  a. 
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2.  An  induced  current  is  produced  in  a circuit  b when  the  current  in  a 
neighbouring  circuit  a is  broken,  and  in  this  case  the  induced  current  in  b flows 
in  the  same  direction  as  the  inducing  current  in  a. 

3.  When  two  closed  circuits  a and  b,  one  of  which  a conveys  a current, 
are  broqght  near  each  other,  an  induced  current  is  generated  in  b,  which  flows 
in  the  opposite  direction  to  that  of  a. 

4.  When  the  two  circuits  are  removed  from  each  other,  a current  will  be 
induced  in  the  closed  circuit  b,  which  flows  in  the  same  direction  as  the 


Fig.  176. — Induction  by  the  Motion  of  a Coil. 


Magneto-Electric  Induction.  — It  has  been  repeatedly  said  that  a 
magnet  may  be  substituted  for  a solenoid,  and  this  fact  applies  to  the  case  of 
induced  currents.  Faraday  proved  this  by  wrapping  one  half  of  an  iron  ring  with 
a wire,  the  ends  of  which  were  connected  with  the  poles  of  a battery.  The  ends 
of  a second  wire  wound  round  the  remaining  half  of  the  iron  ring  he  connected 
with  a galvanometer.  Every  time  contact  was  made  the  iron  ring  was  converted 
into  an  electro-magnet,  the  magnetism  of  which  disappeared  when  contact  was 
broken.  It  was  found  that  an  induced  current  was  indicated  by  the  needle  when 
the  magnet  was  made,  as  well  as  when  the  magnetism  disappeared.  The  induced 
currents  thus  obtained  were  far  more  powerful  than  the  currents  obtained  by 
means  of  simple  galvanic  currents.  The  induced  magneto-electrical  currents 
may  be  produced  by  using  either  an  ordinary  electro-magnet  or  a permanent 
magnet  with  an  armature.  When  the  armature  is  attached  or  removed,  currents 
are  generated  in  the  coil.  The  produced  magnetism  generates  an  induced 
current,  the  direction  of  which  is  opposite  to  the  molecular  currents  in  the 
magnet.  The  previous  magnetism  generates  induced  currents  in  the  same 
direction  with  the  molecular  currents  of  the  magnet. 

Just  as  motion  of  a solenoid  towards  or  from  a conductor  induces  currents, 
so  also  by  bringing  a magnet  near  to  or  taking  it  away  from  a conductor,  induced 
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currents  may  be  generated.  When  conductor  and  magnet  move  towards  eachg 
other  a current  will  be  induced  in  the  former,  the  direction  of  which  isD 
opposite  to  the  molecular  currents.  Move  one  away  from  the  other,  and  an 
induced  current  is  generated  that  flows  in  the  same  direction  as  the  molecular 
currents.  We  therefore  also  distinguish  four  cases  of  magneto-electric  induction  : 

1.  When  an  electro-magnet  is  made,  its  magnetism  induces  in  a neighbouring 
conductor  currents  of  opposite  direction  to  the  currents  of  the  magnet. 

2.  When  the  iron  is  suddenly  demagnetised,  currents  are  induced  which 
have  the  same  direction  as  the  molecular  currents  of  the  magnet. 

3.  When  a conductor,  forming  a closed  circuit,  and  a magnet  are  moved 
towards  each  other,  a current  is  induced  in  the  former  opposite  to  the  molecular 
currents  of  the  magnet. 

4.  When  a magnet  and  a closed  circuit  move  from  each  other,  a current  is 
induced  which  has  the  same  direction  as  the  molecular  currents. 

Faraday’s  Conception  of  Lines  of  Force. — We  have  hitherto  ex-1 
plained  the  magneto-electric  phenomena  by  Ampere’s  theory  ; there  is,  however,  I.: 
another  method  of  explaining  these  phenomena  of  induction  due  to  Faraday.l 
This  consists  in  looking  upon  every  closed  current  as  a magnetic  shell.  Letl* 
us  suppose  we  are  looking  at  a circle  conveying  a current  clockwise,  we  may  i 
then  regard  it  as  having  a small  magnet  in  the  middle,  with  a south-seeking  polejjj 
facing.  Or  more  precisely  we  may  regard  the  circle  as  a magnetic  shell,  thej 
south-seeking  pole  being  towards  us.  A magnet  attracts  the  circuit  as  if  it^ 
were  such  a shell.  This  suggests  that  the  phenomena  we  have  observed  are  due  j 
to  actions  that  take  place  in  the  medium  that  fills  the  space  around  and  be-  ^ 
tween  the  conductors.  Every  wire  carrying  a current  has  a magnetic  field  ■ ^ 
surrounding  it,  like  that  of  Fig.  8,  and  every  closed  circuit  acts  as  a magnetic  8 
shell.  A solenoid  consists  of  a number  of  parallel  shells.  Hence  all  the  g 
actions  between  two  circuits,  or  between  one  circuit  and  a magnet,  are  thus  B 
regarded  as  magnetic  actions,  and  they  can  be  predicted  for  any  particular  case  & 
on  this  supposition.  Carry  the  theory  farther,  and  imagine  lines  of  force! 
drawn  through  each  magnetic  shell  exactly  as  in  the  case  of  magnets.  ThenS 
two  circuits  will  tend,  like  two  magnetic  shells,  to  move  so  as  to  include  as  g 
many  of  one  another’s  “ lines  of  force  ” as  possible.  This  will  be  the  case  || 
when  the  two  wires  are  parallel  in  every  part,  and  when  the  currents  run  g 
round  in  the  same  direction.  All  the  electro-dynamic  laws  of  parallel  and  || 
oblique  circuits  can  be  developed  by  means  of  the  conception  of  Faraday’s  a 
lines  of  force.  In  order  to  apply  the  conception,  we  have  to  bear  in  mind  the^ 
following  properties  of  the  lines  of  force : • | 

1.  Small  magnetic  particles  influenced  by  the  attractions  and  repulsions  in  a 

magnetic  field  set  themselves  along,  or  tangentially  to,  the  lines  of  force.  Hence 
the  resultant  force  at  every  point  is  in  the  direction  of  the  line  of  force  passing ; 
through  that  point.  ; ; 

2.  The  lines  of  force  are  lines  of  magnetic  induction.  ■ | 

3.  A small  north-seeking  pole  placed  on  a line  of  force  would  tend  to 
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move  on  the  line  from  north  to  south,  and  a small  south-seeking  pole  so  placed 

would  tend  to  move  from  south  to  north. 

4.  The  lines  offeree  map  out  the  magnetic  field.  They  are  thickest  where 
the  force  is  greatest,  and  the  number  that  strike  a unit  area  placed  perpendi- 
cular to  them  at  any  point  is  a measure  of  the  intensity  of  the  force  at  that  point. 

5.  A magnetic  field  surrounds  every  wire  conveying  a current,  the  lines  of 
force  for  straight  wires  being  circles  whose  planes  are  perpendicular  to  the  current. 

6.  A closed  circuit  produces  a field  of  force  identical  in  all  respects  with  that 
of  a magnetic  shell  whose  edges  lie  on  the  edges  of  the  circuit.  The  number 
of  lines  of  force  of  the  shell  are  the  same  as  the  number  for  the  circuit. 


Fig.  177. — Lines  of  Force  and  Screened  Space.  Fig.  178. — Lines  of  Force  and  Screened  Space. 


7.  The  action  of  two  circuits,  or  of  one  circuit  and  a magnet,  on  one  another 
is  described  by  the  following  rule,  which  is  usually  called  Maxwell’s  rule : 
“Every  portion  of  the  circuit  is  acted  upon  by  a force  urging  it  in  such  a 
direction  as  to  make  it  enclose  within  its  embrace  the  greatest  possible  number 
of  lines  of  force.  If  the  circuit  is  fixed  and  the  magnet  movable,  then  the  force 
acting  on  the  magnet  will  also  be  such  as  to  tend  to  make  the  number  of  lines  of 
force  that  pass  through  the  circuit  a maximum.” 

The  same  phenomena  of  magnetic  induction  are  explained  equally  well  by 
assuming  Ampere’s  molecular  current  or  Faraday’s  lines  of  force,  though  the  two 
theories  are  not  equally  attractive  for  different  minds. 

Let  us  refer  again  to  the  magnetic  figures  represented  in  Figs.  3 and  8,  and 
explained  in  pages  14  and  15.  In  Fig.  8,  where  the  faces  of  the  magnetic  poles 
are  planes,  the  lines  of  force  arrange  themselves  in  almost  parallel  lines  between, 
them ; this  arrangement,  however,  alters  when  iron  is  brought  between  the  two 
poles.  Figs.  177  and  178  will  facilitate  our  explanations  : a and  b represent  the 
poles  of  a magnet  between  which  a tube  made  of  wrought  iron  is  placed.  The 
lines  of  force  are  made  visible  by  iron  filings.  In  Fig.  8 the  lines  of  force 
between  the  two  poles  are  very  close  together,  whilst  in  Figs.  177  and  178  no 
lines  of  force  are  to  be  observed  in  the  centre.  The  iron  here  acts  as  a kind  of 
screen,  to  prevent  the  lines  of  force  from  entering  the  space  occupied  by  it.  The 
iron  in  such  a case  is  called  a magnetic  screen.  When  the  iron  body  brought 
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into  the  magnetic  field  is  of  the  form  of  a very  short  tube  or  ring,  the  screen 
effect  is  not  so  perfect.  The  lines  of  force  partly  enter  the  space  occupied  by 
the  iron  ring,  they  go  over  the  edges  of  the  ring  and  then  bend  backwards,  as 
shown  in  Fig.  178.  The  screening  effect  of  the  cylinder  can  influence  induction 
also.  A wire  is  wound  longitudinally  round  the  iron  tube  in  such  a manner 
that  one  part  is  inside,  and  the  other  part  outside  the  cylinder.  If  this  coil  now 
be  moved  along  the  periphery  of  the  iron  tube  which  is  at  rest,  an  induced 
current  will  be  the  result,  the  direction  of  which  depends  upon  the  position  of 
the  coil.  Each  turn  of  the  coil  moving  from  the  position  near  the  poles  to  the 
central  position  passes  through  a field  where  the  lines  of  force  are  condensed,  the 

other  half  of  the  turn  moves  through  a field  of  but 
slight  intensity ; as  one  half  of  the  turn  cuts  more 
lines  of  force  than  the  remaining  half  of  the  turn, 
a current  is  the  result,  the  e.  m.  f.  of  which  is 
determined  by  the  difference  of  the  rate  of  cutting 
the  lines  of  force.  The  same  current  is  obtained 
when  both  turns  and  iron  cylinder  are  rotating,  the 
cylinder  moving  round  its  own  axis  the  same  as  in 
tlie  Gramme  machine.  By  the  rotation  of  the 
cylinder  round  its  own  axis  the  distribution  of  the 
lines  of  force  is  not  altered  in  the  field,  neglecting 
the  influence  which  the  permanent  magnetism  of 
the  iron  might  have.  This  one  example  of  the  Gramme  machine  shows  clearly 
that,  to  construct  dynamo-electric  machines,  distribution  of  the  magnetic  lines 
of  force  in  the  field  must  receive  due  attention. 

Induction  by  one  part  of  a Circuit  upon  another  part  of  the  same 
Circuit. — Currents  may  induce  currents  in  their  own  circuit;  such  induced  cur- 
rents are  called  by  Faraday  extra  currents.  The  existence  of  extra  currents  may 
be  proved  as  follows  : Into  the  circuit  of  a battery  a coil  is  introduced  with  an 

arrangement  for  breaking  contact.  The  circuit  also  has  two  metallic  handles  cc, 
shown  in  Fig.  179.  During  contact  the  current  flows  evenly  in  the  circuit,  but  ' 
if  contact  be  broken  while  a person  holds  the  metallic  handles,  a shock  will  be 
experienced,  owing  to  the  induced  extra  current.  Another  arrangement  for  , 
the  same  purpose  is  shown  in  Fig.  180.  Wires  lead  from  the  battery  b to  the  . 
coil  s,  and  from  the  points  of  the  circuit  indicated  at  a and  b wires  branch 
off"  to  the  galvanometer  G,  so  that  the  galvanometer  forms  a kind  of  shunt,  y 
When  contact  is  made,  the  current  flows  from  the  battery  towards  a,  and 
divides  here  into  two  branches  : one  branch  flows  to  the  galvanometer,  the  i 
other  branch  flows  through  s,  meets  the  first  branch  at  b,  and  both  return  j 
to  the  battery  again.  This  current  is  indicated  by  dark  arrows.  The  deflection 
of  the  needle  which  this  current  would  cause  is  prevented  by  fixing  a pin  in  y 
front  of  it.  The  branch  current  cannot  now  deflect  the  needle,  it  only  causes  it  I 
to  press  against  the  pin.  When  contact  is  broken,  however,  a current  flows  • ; 
through  the  coil  s,  and  causes  the  galvanic  needle  to  move  in  the  opposite  • 
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Dg.  1 79- — Self-Induction  of 
Current. 


Current  Induction. 


187 


direction  to  that  of  the  pin.  The  extra  current  in  the  figure  is  shown  by  the 
dotted  arrows ; this  current  enters  at  the  b terminal  of  the  galvanometer,  whilst  the 
direct  current  previously  entered  at  the  a terminal.  The  extra  currents  weaken  the 
primary  currents,  and  cause  a delay  of  from  o' 166  to  o' 2 second  in  long  circuits 
before  the  current  attains  its  full  strength.  The  extra  current  makes  its  appearance 
as  a bright  spark  at  the  moment  of  breaking  circuit.  If  the  circuit  be  coiled  up, 
especially  if  it  be  coiled  round  an  iron  bar,  as  in  an  electro-magnet,  then  on 
breaking  circuit  there  will  be  a brilliant  spark.  This  extra  current  on  breaking 


Fig.  181. — Higher  Orders  of  Induction. 


Fig.  i80i — The  Extra  Current. 


circuit  has  a very  high  electromotive  force.  The  extra  current  due  to  self-induc- 
tion, on  “making”  circuit,  is  an  inverse  current,  and  gives  no  spark,  but,  as 
we  have  said,  prevents  the  battery  current  from  rising  at  once  to  its  full  value. 
The  extra  current  on  breaking  circuit  is  a direct  current,  and  therefore  increases 
the  strength  of  the  current  just  at  the  moment  when  it  is  about  to  cease. 

Higher  Orders  of  Induction. — The  similarity  in  the  effects  produced 
by  galvanic  and  induced  currents  led  to  the  idea  that  induced  currents  in  their 
turn  must  be  capable  of  inducing  other  currents  in  conductors  near  them. 
Henry  proved  this  to  be  the  case  by  using  several  coils  of  copper  bands  parallel 
to  each  other.  Fig.  18 1 (i  ii  iii  iv)  shows  how  he  arranged  them.  Making 
or  breaking  contact  in  i induced  a current  in  ii,  which  flowed  also  through  iii ; 
the  wires  of  iv  terminated  in  metallic  handles  e f and  the  person  touching  e f 
received  a shock  due  to  the  induced  currents  in  iv.  Induced ‘currents  of  this 
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kind  are  said  to  be  of  a higher  order,  'rhe  induced  current  of  iv  i.s  one  of  the 
second  order.  Currents  of  a higher  order  cannot  very  well  be  simple  currents, 
as  the  appearance  or  disappearance  of  the  inducing  current  causes  two  induced 
currents ; the  direction  of  the  first  induced  current  would  be  opposite  to  the 
second.  Let  us  suppose  the  current  produced  in  i positive,  the  direction  of 
the  current  in  n on  “ make  ” will  be  negative  ; this  induced  current  flows  through 

III,  and  induces  in  iv  two  currents  of  the  second  order,  viz.,  one  positive  and 
one  negative.  When  the  positive  current  in  i starts,  a negative  transitory 
current  in  iii  begins  and  instantly  subsides.  While  it  increases  it  induces  a 
positive  current  in  iv,  and  while  it  decreases  it  produces  a negative  current  in 

IV.  When  the  current  in  i stops,  in  a similar  manner  it  causes  a transitory 

positive  current,  which  in  in- 


Fig.  182. — Arago’s  Rotations. 


creasing  and  decreasing  causes 
opposite  currents  in  iv.  If 
these  currents  be  led  to  a fifth 
coil,  induced  currents  again 
would  be  produced  in  a sixth 
coil,  and  as  these  induced  cur- 
rents of  the  second  order  pro- 
duce opposite  effects  as  they  rise 


and  fall  more  complex  currents  of  the  third  order  will  be  generated,  and  so  on. 
In  this  manner,  by  proper  arrangement  of  the  coils,  induced  currents  of  a fourth  and 
fifth  order  might  be  obtained  and  their  existence  proved  by  their  physiological  effects. 

The  earth’s  magnetism  induces  currents  when  closed  circuits  are  made  to 
move  so  as  to  cut  the  lines  of  force.  This  kind  of  induction,  too,  was  first 
observed  by  Faraday.  He  connected  the  ends  of  a coil  with  a galvanometer, 
the  coil  being  so  arranged  that  its  plane  stood  at  right  angles  to  the  dip  or  incli- 
nation needle.  When  the  coil  moved  through  180°,  the  deflection  of  the  needle 
indicated  the  current  induced  by  the  earth’s  magnetism.  The  effect  is  increased 
by  multiplying  the  turns  of  the  coil,  and  by  placing  iron  cores  within  it.  We 
may  here  mention  that  a Siemens’  dynamo-electric  machine  can  be  set  in  motion 
by  currents  induced  by  the  earth’s  magnetism. 

Arago’s  Rotations. — A number  of  interesting  induction  phenomena  were 
observed  as  early  as  1824  by  Arago,  and  called  after  him  Arago’s  rotations. 
He  found  that  when  a disc  of  copper  is  made  to  rotate  in  its  own  plane,  and 
a magnetic  needle  is  placed  over  it,  the  needle  turns  round  in  the  same  direction 
as  the  disc.  The  apparatus  is  shown  in  Fig.  182.  The  copper  plate  k is 
enclosed  in  a glass  case,  and  can  be  made  to  rotate  rapidly  by  means  of  a 
multiplying  wheel  R.  Above  the  horizontal  glass  plate  of  the  case  the  needle 
n s moves  freely  upon  a pivot.  The  velocity  of  the  needle  increases  with  the 
velocity  of  the  disc.  If  the  copper  plate  be  perforated  the  effect  is  dimi- 
nished. Variations  of  the  effect  ai'e  obtained  by  substituting  different  metals 
for  the  copper  plate. 
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If  the  maf^net  is  fixed,  it  will  impede  the  motion  of  metahic  matter  near  it 
The  effect  of°fixed  magnets  upon  rotating  metallic  bodies  can  be  shown  lay 
means  of  the  apparatus  represented  in  Fig.  183  (Foucault’s  apparatus).  The 
electro-magnet  e has,  at  its  poles  n s,  the  armatures  n s so  arranged  that  the 
copper  disc  c rotating  about  the  axis  -a  x can  move  between  them,  but  not  in 
contact.  With  a powerful  electro-magnet  the  resistance  to  the  motion  of  the 
disc  becomes  very  great. 


Fig.  183. — Foucault’s  Apparatus  for  producing  Currents  in  a Plate. 


When  the  induced  current  is  produced  by  the  motion  of  a wire  in  a field  of 
force  produced  by  a magnet,  the  phenomenon  is  often  described  as  magneto- 
dectric  induction ; but  when  the  electric  current  produces  magnetism  by 
induction,  the  term  electro-magnetic  induction  is  used.  In  magneto-electric 
apparatus  the  coils  are  moved  by  mechanical  power,  in  electro-magnetic  appa- 
ratus the  effects  are  produced  by  make  and  break  of  current  without  motion  of 
the  coils. 

An  interesting  case  of  magneto-electric  induction  is  known  as  uni-polar  induction. 
In  all  the  former  magneto-induction  phenomena,  induced  currents  were  produced 
by  alteration  of  the  magnetism  by  change  of  distance,  increase  or  decrease,  making 
or  breaking  of  the  current.  Induction  phenomena  are  brought  about,  however, 
when  the  magnet  only  makes  a movement  near  a conductor.  Such  phenomena 
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have  been  shown  by  Faraday,  Weber,  and  Plucker,  by  different  experiments. 
One  of  the  forms  of  apparatus  constructed  by  Plucker,  and  described  by  Wiede- 
mann, is  shown  in  Fig.  184.  The  copper  disc  a is  fastened  upon  the  horizontal 
axis  b c.  The  copper  disc  a has  the  two  magnets  ns-,  at  / and  g metallic 
springs  are  fastened,  which  press  upon  -the  edges  of  the  metal  discs  b and  c. 
From  the  screw  h another  spring  presses  against  a.  When  the  apparatus  is  made 
to  rotate  rapidly,  and  f and  h or  g and  h are  connected  with  a galvanometer, 
the  needle  will  indicate  an  induced  current  in  one  or  other  direction.  If / and  g 
be  connected  with  a galvanometer,  the  needle  will  not  be  deflected.  This 
experiment  then  is,  so  to  say,  the  reverse  of  the  experiment  made  with  the 


Fig.  184. — Uni-polar  Induction. 


apparatus  shown  in  Fig.  165.  If  the  current  were  allowed  to  flow  through  the 
whole  length  of  the  axis  no  rotation  of  the  magnets  could  be  obtained. 

Laws  of  Induction. — Lenz  was  one  of  the  first  who  studied  the  laws  of 
induction.  He  tried  first  what  influence  two,  four,  eight  electric  turns  of  covered 
copper  wire  wound  round  an  iron  bar,  which  he  used  as  an  armature  of  a magnet, 
would  have.  The  ends  of  the  copper  wire  were  in  connection  with  a galvanometer, 
which  indicated  the  current  generated  by  the  disappearance  of  the  magnetism  every 
time  the  armature  was  removed.  These  and  similar  experiments  proved  that  the 
currents  induced  in  the  coil  were  proportional  to  the  number  of  turns  in  the  coil. 
The  same  proportionality  holds  good  for  e.  m.  f.  when  the  resistance  in  the  cir- 
cuit remains  the  same;  it  was  further  found  that  the  e.  m.  f.  of  magnetic  induction 
is  independent  of  the  distance  the  turns  of  the  coil  are  from  each  other ; also  of 
the  material  and  cross  section  even  when,  instead  of  wire,  fluids  are  used,  as,  for 
instance,  when  a solution  of  zinc  sulphate  in  an  indiarubber  tube  is  coiled  roun 

the  iron.  • . 

The  laws  for  electro-magnetic  induction  and  for  magneto-electric  induction 

are  equivalent.  In  the  first,  the  magnetising  force  is  proportional  to  the  product 
of  the  strength  of  the  current  and  to  the  number  of  turns  in  the  inducing 
coil  • in  the  second,  the  E.  M.  f.  is  proportional  to  the  magnetic  moment  of  the 
inducing  magnet.  As  has  been  mentioned  already,  for  the  proper  calculation 
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of  induced  currents  it  is  necessary  to  take  into  consideration  the  resistance 
in  the  coil  (under  induction)  and  the  remaining  parts  of  its  circuit.  It  has 
been  found  that  the  strength  of  the  current  increases  with  the  conductivity  of 
the  wire  which  has  been  used  for  the  secondary  coil.  When  the  resistance  in 
the  remaining  parts  of  the  circuit  is  very  great,  the  strength  of  the  induced 
current  increases  with  the  number  of  turns  in  the  coil.  When,  therefore,  in- 
duced currents  are  required  for  purposes  where  high  potential  difference  is 
wanted,  the  secondary  coil  also  is  made  of  thin  wire  having  many  turns.  If  the 
required  potential  difference  is  not  high,  as,  for  instance  in  machines  for  electro- 
chemical purposes,  the  secondary  coil  too  may  have  only  a few  turns  of  stout 
wire.  The  strength  of  the  current  is  not  the  same  on  making  contact  and 
when  contact  is  broken.  When  contact  is  made  in  a circuit,  as  we  have 
seen,  an-  extra  current,  having  the  opposite  direction,  is  generated  in  the 
primary  circuit ; the  consequence  is  the  current  requires  more  time  to  obtain 
its  full  strength ; the  increase  of  e.  m.  f.  is  distributed  over  a larger  interval 
of  time.  The  E.  M.  F.  increases  therefore  more  slowly,  and  it  follows  that  the 
strength  of  the  induced  current  is  not  so  great. 

The  duration  of  induced  currents  has  also  to  be  considered  in  heating  effects. 
The  amount  of  heat  generated  by  different  currents  in  the  same  lime  is  propor- 
tional to  the  squares  of  the  currents.  It  follows  that  the  heat  effect  of  a certain 
current  in  a certain  time  is  proportional  to  the  product  of  the  time  and  square  of 
the  strength  of  current  during  this  time.  The  amount  of  heat,  therefore, 
must  alter  with  the  duration  of  the  induced  current,  the  e.  m.  f.  and  resistance 
being  the  same.  If  we  assume  the  quantity  of  electricity  composing  the  induced 
currents  to  be  constant,  an  induced  current  of  double  the  duration  will  have  half 
the  mean  strength.  The  measure  of  the  amount  of  heat  being  the  product  of  the 
square  of  the  strength  and  time  (and  as  ^ x ^ x 2 = |),  it  follows  that  the 
amount  of  heat  generated  is  inversely  proportional  to  the  time.  These  re- 
lations alter  when  the  quantity  of  the  electricity  cannot  be  considered  as  con- 
stant ; but  nevertheless  the  heating  effect  will  always  be  the  greater  the  shorter 
the  intervals  during  which  the  currents  last. 

The  duration  of  induced  currents  has  marked  influence  upon  their  physio- 
logical effects.  The  constant  current  of  a battery  only  affects  our  system  when  a 
great  many  elements  are  used,  and  the  weaker  constant  currents  only  affect  very 
sensitive  parts.  Our  nervous  system,  however,  is  very  sensitive  to  rapid  elec- 
trical changes.  The  induction  current,  therefore,  produces  far  more  powerful 
shocks  than  the  primary  current,  because  of  the  rapidity  with  which  its  strength 
changes.  The  difference  of  duration  in  induced  currents  when  massive 
iron  cores  or  bundles  of  wire  are  introduced  in  the  coil  explains 
the  marked  difference  in  their  physiological  effects.  By  introducing  solid 
matter  the  duration  of  the  induced  currents  is  increased ; but  if  the  bundle 
consists  of  many  fine  wires  insulated  from  one  another  the  duration  of  the  induced 
current  is  not  so  great,  therefore  the  physiological  effect  is  far  more  powerful- 
1 hat  this  is  really  the  case,  Magnus  proved  by  introducing  a bundle  of  fine 


192 


Electricity  in  the  Service  of  Man. 


wires  into  a coil  \ the  effect  was  very  powerful,  but  disappeared  when  by 
means  of  a molten  metal  the  fine  wires  were  made  to  consist  of  one  compact 
mass.  The  same  result  was  obtained  when  the  wires  were  surrounded  by  an 
iron  tube ; and  powerful  effects  were  again  produced  when  this  tube  was  ripped 
open  through  its  whole  length. 

Lenz’s  Law. — Lenz,  in  1834,  summed  up  the  inductive  action  of  currents 
and  magnets  by  saying,  that  tn  all  cases  of  magneto-electric  induction  the  induced 
currents  have  such  a direction  that  their  reaction  tends  to  stop  the  motion  which 
produces  them.  This  is  known  as  Lenz’s  law,  and  coupled  with  what  we  have 


said  on  Faraday’s  lines  of  force,  will  be  found  an  easy  means  of  tracing  the 
directions  of  the  currents  induced  by  the  motion  of  coils  and  magnets. 

Induction  Coils. — In  the  foregoing  sections  we  have  seen  that  by  means 
of  induction  very  powerful  currents  can  be  obtained,  but  currents  which  only 
last  a short  time.  If  we  wish  to  experiment  with  induced  currents,  we  must 
find  means  of  generating  them  in  quick  succession.  Apparatus  for  this  purpose 
are  called  induction  apparatus.  There  are  two  kinds  of  induction  apparatus, 
according  as  the  energy  transferred  is  mechanical  or  electrical.  The  essentia 
parts  of  the  first  are  : Coils  with  iron  cores,  which  are  moved  quickly  past 
powerful  magnetic  poles ; in  the  second  there  is  a primary  coil  having  an  iron 
core,  and  a secondary  coil  which  is  wound  over  this  primary  coil.  Through  the 
primary  coil  a galvanic  current  is  passed,  the  make  and  break  of  which  follow 
rapidly  upon  each  other.  The  first  apparatus  of  this  kind  was  probably 
that  constructed  by  Masson  and  Br^guet.  The  apparatus  shown  in  Fig.  185 
(Du  Bois-Reymond’s)  consists  of  the  bobbin  a,  round  which  several  hundreds 
of  yards  of  fine  well-covered  copper  wire  are  wound.  The  ends  of  this  wire 
are  in  connection  with  the  screws  k k^.  This  is  the  secondary  coil,  or  the 
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coil  in  which  the  induced  currents  are  generated ; it  is  fastened  upon  the 
movable  frame  S,  which  slides  horizontally.  The  primary  or  inducing  coil  B 
consists  also  of  many  turns  of  fine  copper  wire,  and  has,  as  a rule,  a bundle  of  iron 
wires  for  cores.  Whenever  a current  is  made  or  broken  in  b,  an  induced  current 
is  generated  in  a.  By  moving  a,  the  inducing  effect  may  be  either  increased  or 
diminished.  To  make  and  break  in  rapid  succession,  the  apparatus  has  a 
contact-breaker  or  Wagner  hammer.  This  consists  of  the  electro-magnet  e, 
over  the  poles  of  which  the  armature  a is  held  by  means  of  a spring.  The 
spring  / tends  to  remove  the  armature  from  the  poles ; and  in  doing  so  it  lifts 
the  platinum  plate  at  /,  which  again  presses  the  screw  s.  Contact  is  thus  estab- 


Fig.  186. — RuhmkorfTs  Introductorium, 


lished,  and  the  current  will  enter  at  k,  will  pass  through  t f p s Kj,  through 
the  primary  coil  b,  through  n and  Kg,  through  the  wire  of  e,  and  will  leave 
the  apparatus  at  Kj.  When  the  circuit  is  closed  in  this  manner,  the  horse-shoe 
becomes  magnetised  and  attracts  the  armature  a.  The  platinum  plate  then 
loses  contact  with  s,  and  the  current  is  interrupted  in  the  primary  coil.  The 
electro-magnet,  which  loses  its  power,  allows  the  armature  a to  go  back  again, 
and  contact  is  made  at  p as  before,  etc.  etc.  Wagner’s  hammer  thus  causes 
the  make  and  break  of  the  current  in  quick  succession. 

In  this  manner  induced  currents  are  generated  in  a,  which  rapidly  change 
their  direction ; their  physiological  effects  may  be  felt  by  taking  hold  of  the 

handles  h and  Stbhrer,  and  especially  Ruhmkorff,  brought  these  instruments 
to  great  perfection. 

Ruhmkorff’s  Inductorium.— Fig.  186  represents  the  instrument  known 
as  the  inductorium  of  Ruhmkorflf.  The  little  apparatus  to  the  left  represents 
the  contact-breaker  devised  by  Poggendorff  and  constructed  by  Foucault.  The 
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inductorium  consists  of  an  electro-magnet  excited  by  a comparatively  short  coil 
of  thick  wire,  called  the  primary  coil.  A long  coil  of  fine  wire,  called  the 
secondary  coil,  is  wound  round  the  primary  coil,  including  the  electro-magnet. 
The  primary  circuit  is  supplied  with  electricity  by  a battery  of  small  resistance, 
such  as  a Grove’s  or  Daniell’s  element.  Contact  is  alternately  made  and  broken 
with  great  rapidity.  The  secondary  circuit,  when  required,  is  always  complete, 
or  interrupted  only  by  such  a space  that  the  electromotive  force  induced  in  the 
secondary  is  sufficient  to  cause  the  passage  of  a spark.  When  the  primary 
circuit  is  closed,  the  electro-magnetism  of  the  core  induces  a current  in  the 
secondary  wire  in  a direction  opposed  to  that  of  the  primary  circuit.  When  the 
primary  circuit  is  interrupted,  the  diminution  of  the  magnetism  in  the  core 
induces  a current  in  the  secondary  circuit  in  the  same  direction  as  the  primary 
current,  and  therefore  in  a direction  through  the  secondary  coil  opposed  to  the 
current  previously  induced.  The  currents  at  “ make  ” interfere  by  their  mutual 
induction,  and  means,  which  will  be  described,  are  taken  to  suppress  them. 
The  currents  at  “ break  ” manifest  themselves  as  a torrent  of  sparks  between  the 
ends  of  the  secondary  wires  when  brought  near  enough  together.  The  primary 
coil  is,  as  we  have  mentioned,  made  of  few  turns,  to  keep  the  resistance  low,  and 
to  avoid  self-induction  of  the  primary  current  on  itself.  The  central  iron  core  is 
for  the  purpose  of  increasing  the  magnetic  induction ; it  is  usually  made  of  a 
number  of  fine  wires,  to  avoid  the  induction  currents,  which,  if  it  were  a solid 
bar,  would  be  set  circulating  in  it,  and  which  would  retard  its  rapidity  of  mag- 
netisation or  demagnetisation.  The  secondary  coil  is  made  with  many  turns,  in 
order  that  the  mutual  induction  may  be  large.  The  greatest  care  is  requisite  in 
the  insulation  of  the  secondary  coil.  Each  wire  must  be  insulated  from  its 
neighbour  by  layers  of  some  hard  insulator,  which  a spark  will  not  easily  pierce, 
and  care  must  be  taken  so  to  wind  the  coil  that  no  two  portions  of  the 
secondary  coil  at  very  different  potentials  are  near  together.  The  electro- 
motive force  per  foot  of  the  wire  in  the  secondary  coil  depends  on  the  intensity 
of  the  magnetic  field  produced,  and  on  the  rapidity  with  which  it  is  destroyed. 
The  sum  of  the  electromotive  forces  thus  induced  in  a long  coil  is  enormously 
greater  than  the  e.  m.  f.  of  the  inducing  battery;  the  longer  the  secondary 
coil,  the  greater  the  electromotive  force.  We  are  not  concerned,  therefore, 
to  reduce  the  resistance  of  the  secondary  coil,  for  its  e.  m.  f.  increases  with  the 
length. 

How  the  apparatus  works  may  be  better  understood  by  studying  the  Fig.  187 
(in  plan).  The  essential  parts  of  the  machine  are : ,p  the  primary  coil,  s 
the  secondary  coil,  G the  battery,  a the  contact-breaker,  e its  auxiliary  element, 
c the  condenser,  e furnishes  the  current  for  the  contact-breaker.  Its  course 
is  as  follows  : From  e to  the  screw  k,  then  through  the  wire  of  the  electro- 
magnet e,  which  is  connected  with  /;  then  through  the  metal  point  which 
dips  in  A,  through  the  mercury  and  metallic  bottom  of  the  vessel  to  the 
screw  ^1,  and  again  back  to  e.  The  action  of  the  contact-breaker  is  very 
simple.  Whenever  the  current  from  e flows  as  described,  magnetism  is 
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produced  in  and  the  armature  attracted.  As  one  arm  / ^ of  the  lever  de- 
scends, the  other  arm,  a / rises,  and  causes  the  metal  point  to  lose  contact 
with  the  mercury  in  A.  The  current  is  thus  broken,  the  magnet  lets  the 
armature  go  again,  and  the  lever  assumes  its  former  position.  It  follows  that 
the  lever  will  swing  up  and  down,  and  cause  a regular  make  and  break.  At  b 
ihe  lever  has  a second  point,  which  will  be  connected  and  disconnected  with 
the  mercury  in  b at  the  same  time  as  the  point  at  a with  the  mercury  in  a. 
The  portion  b is  inserted  into  the  inducing  circuit ; it  follows  that  the  induced 
current  will  undergo  make  and  break  at  the  same  time.  Let  us  suppose  that  b 


dips  into  the  mercury  (that  is  to  say,  contact  is  made),  the  inducing*  current 
then  has  the  following  direction : From  the  battery  g to  K,  through  the  commu- 
tator and  a copper  strip  to  screw  2,  through  the  connecting  wire  to  screw  ii, 
then  through  the  primary  coil  p to  screws  iii  and. 3,  then  to  the  spring/,  then 
through  the  lever  into  the  metal  point,  then  through  the  mercury  in  b,  then 
through  the  commutator  to  screw  K;i,  and  then  back  ■ again  to  the  battery  G. 
The  current  in  the  primary  coil  will  make  and  break  contact  as  often  as  the 
metal  point  touches  the  mercury  at  b or  leaves  it.  The  primary  coil  is  further 
connected  with  the  condenser  c,  which  is  similar  in  principle  to  Franklin’s 
plate,  and  is  made  of  alternate  layers  of  mica  or  tinfoil,  and  oiled  silk  or 
paraffined  paper,  into  which  the  current  flows  whenever  circuit  is  broken.  The 
object  of,  the  condenser  is,  firstly,  to  make  the  break  of  circuit  more  sudden 
by  preventing  the  spark  of  the  “ extra  current  ” from  leaping  across  the  inter- 
rupter ; and  secondly,  to  store  up  the  energy  of  this  self-induced  extra 
current,  in  order  that  when  circuit  is  again  made  the  inductive  action  in  the 
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secondary  circuit  at  “ make  ” shall  be  reduced  to  a minimum.  This  condenser, 
first  used  by  Fizeau,  serves  the  purpose  of  producing  make  and  break  still  more 
promptly.  The  greatest  induction  coil  yet  made  is  one  that  was  shown  during 
the  Exhibition  at  Paris  in  i88i.  The  apparatus  was  constructed  by  Apps. 
When  a current  of  a thirty  cell  battery  was  passed,  a spark  over  one  yard 
long  was  obtained. 

Luminous  and  other  Effects  of  Induction  Currents. — When  the 
ends  of  an  induction  coil  are  connected  with  an  uninterrupted  good  conductor, 
a motion  to  and  fro  simply  of  the  induced  current  takes  place.  The  galva- 
nometer needle  shows  a deflection  in  both  directions,  and  if  potassium  iodide 
and  starch  are  brought  into  contact  with  the  ends  of  the  wire,  iodine 

separates  out  at  each  pole. 
If  a voltameter  be  connected 
with  the  wire  ends,  oxy-hydrogen 
gas  is  given  off  at  both  poles. 
When,  however,  the  connection 
of  the  wire  terminals  of  an  in- 
duction spiral  is  not  brought 
about  by  an  uninterrupted  con- 
ductor, phenomena  occur  which 
are  similar  to  those  obtained  by 
means  of  frictional  machines. 
The  spark,  however,  consists  of 
the  bright  and  sharply  defined 
spark  similar  to  that  obtained 
by  discharging  a Leyden  jar, 
and  a kind  of  glow,  halo,  or 
aureole  which  surrounds  the 
bright  portion. 

By  means  of  the  apparatus  represented  in  Fig  i88  Perrot  showed  how  to 
separate  the  aureole,  or  glow,  from  the  spark  proper  in  a luminous  discharge. 
In  a glass  tube,  bent  as  shown,  wires  are  fused  at  a and  b,  so  that  the  ends  stand 
opposite  each  other  at  d d^.  The  wire  leading  from  a is  connected  with  a pole 
of  the  inductorium.  The  wire  leading  from  b is  connected  with  the  second  pole 
of  the  inductorium,  but  from  a point  of  this  wire  at  c there  passes  also  the  wire 
c A,  the  end  of  which  points  towards  the  mouth  of  the  glass  tube.  Through 
the  glass  tube  air  is  forced  in  the  direction  indicated  by  the  arrow.  When  now 
the  inductorium  is  worked,  the  spark  passes  between  d and  Dj,  and  the  aureole 
appears  at  a. 

When  one  pole  of  an  induction  coil  is  allowed  to  touch  an  electroscope,  it 
will  indicate  at  one  time  a positive  charge,  then  a negative  charge;  the  ex- 
planation for  this  is  the  continued  change  in  the  direction  of  the  induced 
currents.  When,  however,  sparks  are  allowed  to  pass,  the  electroscope  will  give 
indications  of  one ‘kind.  From  these  and  other  facts,  it  is  clear  that  induced 
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currents  behave  differently  in  a closed  circuit  and  in  an  open  circuit.  In  a 
closed  circuit  the  induced  currents  flow  alternately  to  and  fro.  In  an  open 
circuit  the  density  at  the  poles  increases  until  the  balance  of  the  electricities  is 
brought  about  by  a spark.  The  spark  between  the  poles  of  an  induction  coil 
is  analogous  to  the  discharge  of  batteries;  in  the  former,  however,  perfect 
equilibrium  of  the  electricities  is  not  obtained  at  once,  for  besides  the  spark, 
we  have  also  the  aureole.  The  experiment  by  Perrot  shows  that  spark  and 
aureole  are  two  entirely  different  discharges.  More  minute  examinations  lead 
to  the  detection  of  further  differences.  The  colour  of  the  spark  depends  upon 
the  nature  of  the  electrode ; it  is,  for  instance,  white  when  iron  points  are  used, 
green  with  copper,  blue  with  silver,  etc.  The  colour  of  the  aureole  is  determined 
by  the  medium,  and  is  not  uniform  throughout.  In  air  or  nitrogen  the  part 
nearest  the  positive  point  is  red,  the  portion  nearest  the  negative  point  blue. 
In  carbonic  acid  gas  the  former  appears  green,  the  latter  lavender-blue.  In 
hydrogen  the  whole  of  the  aureole  appears  red.  Frequently  near  the  negative 
electrode  a dark  space  is  observed. 

If  we  make  use  of  a quickly  rotating  mirror  to  observe  the  discharge,  the 
spark  appears  as  a line  of  light ; the  aureole  appears  as  a band  of  light,  which  is 
touched  on  one  side  by  the  spark  or  line  of  bright  light.  From  this  we  may 
conclude  that  the  neutralisation  of  the  two  electricities  commences  with  the 
spark,  and  that  the  aureole  is  formed  afterwards.  The  quick  momentary  motion 
in  the  spark  and  the  slower  motion  of  the  electricities  in  the  aureole  may  be 
shown  by  a simple  experiment.  When  spark  and  aureole  are  separated  from  each 
other,  the  spark  is  incapable  of  igniting  cotton  soaked  in  alcohol,  etc.,  whilst  in 
the  aureole  these  bodies  begin  to  burn. 

When  in  the  circuit  of  a battery,  consisting  of  Leyden  jars,  a galvanometer  is 
inserted,  the  deflection  of  the  needle  which  a discharge  causes  is  not 
influenced  within  wide  limits  by  the  resistance  in  the  circuit,  but  the  resistance 
influences  the  deflection  of  the  needle  in  the  circuit  of  an  induction  coil.  The 
deflection  increases  with  decrease  of  the  sparking  distance ; the  aureole,  too,  _ 
becomes  brighter  with  the  decrease  of  the  sparking  distance.  From  all  these 
experiments  and  observations  we  may  conclude  that  the  spark  or  neutralisation 
is  due  to  an  instantaneous  discharge  of  electricity,  and  its  luminosity  is 
due  to  particles  torn  off  from  the  electrodes  in  an  incandescent  state.  This 
spark,  therefore,  is  identical  with  the  spark  of  a battery.  The  aureole,  on  the 
other  hand,  is  due  to  a much  slower  discharge  after  the  manner  of  galvanic 
currents.  The  luminosity  of  the  aureole  depends  upon  the  particles  of  gas 
that  constitute  the  conductor.  By  the  passage  of  the  spark  the  medium  (that 
is,  the  air)  becomes  rarefied,  and  the  electricity  producing  the  aureole  flows 
more  slowly.  This  is  the  reason  for  the  later  appearance  of  the  aureole 
than  the  spark  when  observed  through  the  mirror.  The  changing  of  colour 
with  the  medium  and  the  behaviour  of  the  galvanometer  seem  all  to  confirm 
this  explanation.  The  separation  of  spark  and  aureole  cannot  be  effected 
when  a Leyden  jar  is  inserted  in  the  circuit  of  an  induction  coil.  The 
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electricity  flows  to  the  coatings  of  the  condenser,  and  from  these  discharge 
takes  place.  With  this  addition  the  sparks,  when  passing,  have  a greater 
intensity,  and  the  noise  they  make  is  louder.  Their  colour  is  determined  by 
the  material  of  the  electrodes  and  the  medium  by  which  they  are  surrounded. 

For  the  spectrum  analysis  of  metals 
this  behaviour  of  the  spark  is  of  great 
importance.  The  increased  spark 
brings  the  metals  into  the  condition 
of  vapour,  and  raises  the  metallic 
vapours  to  incandescence.  The 
colour  of  the  light  which  these  me- 
tallic vapours  emit  simply  depends 
upon  the  chemical  constitution  of 
the  metal  itself.  Our  naked  eye  is 
not  capable  of  distinguishing  the 
colours,  but  they  are  revealed  by  a 
glass  prism  or  spectroscope. 

DISCHARGES  IN  PARTIAL 
VACUA. 

The  voltaic  arc  and  the  spark  of 
the  induction  apparatus  alone  are 
capable  of  changing  solid  metals  into 
glowing  vapours.  Induced  currents, 
however,  flowing  through  rarefied 
gas,  will  render  gases  incandescent, 
and  thus  enable  us  to  study  their 
spectra.  Dry  air  under  great  pressure 
offers  a high  resistance,  but  a perfect 
vacuum  is  a perfect  insulator,  and 
between  these  extremes  there  are 
degrees  of  rarefication  which  admit 
of  a flow  of  electricity,  and  present 
many  remarkable  and  beautiful  phe- 
Fig.  189.  Fig.  190.  nomena.  Glass  tubes  partially  ex- 

Geissler’s  Tubes.  hausted  are  used  for  this  purpose. 

These  so-called  “ vacuum  tubes  ” 
are  sometimes  named,  after  the  most  celebrated  makers  or  investigators, 
Geissler’s  or  Gassiot’s  tubes.  They  are  usually  thin  glass  tubes  with  bulbs  blown 
at  the  end,  and  more  or  less  twisted  into  different  shapes.  They  usually  have  at 
two  different  spots  platinum  wires  fused  into  them.  By  means  of  these  wires  or 
■ electrodes,  the  currents  from  an  electric  machine,  or  more  frequently  the  sparks 
from  an  induction  coil,  are  conducted  through  these  tubes,  so  as  to  make  the 
more  or  less  rarefied  gases  incandescent. 
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Figs.  189  and  190  represent  Geissler’s  tubes.  The  one  narrow  at  the  middle 
is  especially  useful  for  spectrum  analysis,  as  the  spectrum  from  the  narrow  portion 
will  be  more  distinct.  These  tubes  are  usually  sold  closed  at  both  ends,  filled 
with  gases  or  vapours  at  pressures  from  ‘oS  to  ‘25  inch.  When  currents  are 
passed  through  a tube  like  192,  filled  with  air  under  the  ordinary  pressure,  a con- 
tinued stream  of  sparks  passes  (provided  the  inductorium  be  sufficiently  powerful). 
The  aureole  is  only  slightly  indicated,  and  is  frequently  not  visible  at  all.  It 
now  the  air  in  the  tube  be  rarefied,  the  spark  decreases  and  the  aureole  increases 
steadily,  until  at  last  the  spark  disappears  altogether,  giving  place  to  a kind  of 
brush  discharge  at  the  positive  pole  and  a glow  or  aureole  surrounding  the 
negative  pole.  If  the  tube  contains  rarefied  nitrogen  the 
brush  light  appears  brick-red  or  rose-coloured,  the  glow 
light  blue  or  violet.'  In  hydrogen  the  glow  is  blue,  but 
the  light  in  the  narrow  part  of  the  tube  is  crimson.  The 
intensity  of  the  light  is  different  at  different  places ; it  is 
brightest  in  the  narrow  portion  of  the  tube. 

Stratification  of  Electric  Light. — The  positive 
light  does  not  always  appear  as  an  uninterrupted  brush, 
but  is  arranged  in  layers,  or  striae,  differing  in  width  and 
intensity.  The  striae  appear  at  the  positive  pole,  and 
increase  in  number  as  the  exhaustion  increases.  This 
phenomenon  takes  place  both  with  pure  gases  and  with 
mixtures.  Fig.  190  represents  a tube  filled  with  carbonic 
acid  gas  under  a pressure  of  8 to  1 2 hundredths  of  an  inch 
The  green  brush  light  seems  divided  into  regular  discs, 
having  their  hollows  facing  the  anode.  The  glow  light 
is  lavender-blue,  and  consists  of  several  bright  layers. 

In  tubes  containing  carbon  compounds  a bright  shining 
spot  is  often  observed  at  the  anode,  from  which  the  layers 
of  light  seem  fo  take  their  origin.  This  spot  or  star  is 
probably  due  to  the  deposition  of  carbon  particles  which 
are  made  luminous  by  the  current.  Although  stratification  has  received  much 
attention  from  Gassiot,  Spottiswoode,  and  many  electricians,  the  real  cause  of 
this  phenomenon  is  still  veiled  in  obscurity.  The  labours  of  Morrens  proved  to 
him  that  the  electric  spark  passes  through  a mercury  vacuum  free  of  other  gases, 
giving  unstratified  green  light,  and  the  spectrum  is  that  of  mercury.  In  gases 
where  the  light  appears  stratified,  the  distance  between  the  layers  increases  as  the 
pressure  decreases.  The  revolving  mirror  shows  that  the  striae  move  from  the 
positive  to  the  negative  pole.  Reitlinger  thinks  the  cause  of  stratification  is  due 
to  the  fact  that  the  intermittent  electric  discharges  produce  impulses  by  which  the 
substances  forming  the  medium  are  brought  into  vibration,  at  the  nodes  of  which 
the  heavier  substances  collect.  Of  the  substances  thus  separated,  the  non- 
conducting.substances  are  first  brought  by  the  current  to  incandescence,  whilst  the 
better  conducting  substances  remain  dark. 


Fig.  191.  — Rotation  of 
Light  about  a Magnet 
in  a "Vacuum  Tube. 
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Magnets  affect  the  Discharges  in  Vacuum  Tubes. — The  effect  of 
a magnet  on  light  produced  by  induced  currents  in  a rarefied  space  was  first 
observed  by  A.  de  la  Rive.  In  all  degrees  of  exhaustion  magnets  attract  the 
flames,  making  them  like  flexible  conductors.  The  experiment  may  be  made 
with  the  apparatus  shown  in  Fig.  191.  A rod  of  soft  iron  s stands  in  a glass 
bulb  E,  and  has  a glass  test  tube  placed  over  it,  the  edge  of  which  is  united  with 
E.  s continues  downwards,  and  has  the  coil  d wound  round  it.  The  ends  of  the 
coil  lead  to  the  binding  screws  K;i.  The  electrodes  are  at  e and  ; the 
first  surrounds  the  glass  tube  pushed  over  s,  in  the  manner  shown  in  the  figure. 


The  air  in  e is  exhausted  to  about  one-tenth  of  an  inch  pressure.  When  the  two 
electrodes  are  connected  with  the  poles  of  an  inductorium,  the  phenomena  of  the 
vacuum  tube  take  place.  If,  however,  are  connected  with  the  poles  of  a 
battery,  s becomes  a magnet,  and  the  light  at  once  begins  to  rotate  about  s. 
The  cause  of  the  phenomenon  is  easily  seen  : the  first  induction  spark  passes 
in  the  form  of  a cloud  of  light  from  one  electrode  to  the  other,  and  is  deflected 
by  the  magnet.  The  following  spark  finds  now  least  resistance  on  the 
track  of  the  first  spark  and  rather  follows  the  path  of  the  first  spark 
than  any  other  direction ; it  therefore  takes  this  direction,  and  is  in  its 
turn  deflected  by  the  magnet,  etc.,  etc.  The  sparks  succeed  each  other  with 
such  rapidity  that  the  whole  phenomenon  has  the  appearance  of  a cloud  of  light 
rotating  round  the  magnet.  The  direction  of  rotation  round  the  magnet  is  the 
same  as  that  of  rigid  conductors  already  described. 

Pliicker  and  Hittorf  have  also  studied  the  effects  of  magnets  on  electrical 
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discharges  in  rarefied  gases,  and  found  that  the  behaviour  of  the  glow  light  differs 
from  that  of  the  brush  light.  If,  for  instance,  a Geissler’s  tube,  such  as  that  repre- 
sented in  Fig.  1S9,  where  the  glow  light  is  well  developed,  is  placed  with  its  nega- 
tive electrode  between  the  poles  of  a magnet,  the  glow  light  will  assume  the  shape 
shown  in  Fig.  192.  In  this  plane  of  light  (which  is  named  after  its  discoverer, 
Pliicker’s  plane)  the  glowing  particles  arrange  themselves  exactly  like  iron  filings : 
that  is,  they  behave  like  paramagnetic  bodies.  The  brush  light,  whether  stratified 
or  not,  shows  an  almost  opposite  behaviour  when  brought  between  the  poles  of  a 
magnet  which  are  equatorially  arranged ; it  is  pressed  against  one  of  the  sides  of  the 
tube,  and  the  direction  of  current  and  position  of  magnets  determine  which  side. 
If  tube  and  magnets  be  arranged,  as  shown  in  Fig.  193,  the  brush  light  assumes  the 
position  indicated.  This  deviation  may  be  easily  explained  by  Ampbre’s  swimming 
rule ; imagine  the  human  figure  swimming  face  downwards  from  -f  towards  - , a 


Fig.  193 — Effect  of  Magnet  on  Vacuum  Discharge. 


movable  north  pole  will  be  deflected  to  the  left.  In  the  case  before  us,  however, 
it  is  not  the  magnet,  but  the  current  that  is  movable,  and  consequently  it  deviates  in 
the  opposite  direction,  that  is,  to  the  right.  The  brush  light,  therefore,  will  be 
pressed  against  the  right  side  of  the  tube,  near  the  north  pole,  and  against  the 
left  side  near  the  south  pole.  Dr.  Urbanitzky,  together  with  Reitlinger, 
succeeded  in  causing  the  brush  light  to  place  itself  at  right  angles  to  Plucker’s 
plane.  The  brush  in  this  position  has  been  called  the  triple  fan  plane  by 
Puluj,  and  is  represented  in  Fig.  194.  Behind  the  tube  at  s imagine  the  south  pole 
to  be  placed,  and  at  N the  north  pole ; then  the  plane  lying  between  n s and  the 
negative  electrode  e represents  the  glow  light  brought  into  the  Plucker’s  plane,  and 
the  plane  at  right  angles  to  this  between  b and  e represents  the  deviated  positive 
brush  light.  The  position  of  this  positive  plane  of  light  before  or  behind  Plucker’s 
plane  depends  upon  the  position  of  the  magnets,  and  is  determined  by  Ampere’s 
swimming  rule.  Magnets  not  only  affect  the  electrical  discharges  in  luminous 
gases,  but  also  the  striae.  Gassiot  observed  that  a magnet  produces  stratification 
in  a tube  where  there  has  been  none.  According  to  Wiillner,  a magnet,  when 
brought  near  a tube  containing  stratified  light,  produces  new  layers,  commencing 
at  the  positive  electrode.  Experiments  made  by  Reitlinger  and  Urbanitzky 

H* 


202 


Electricity  in  the  Service  of  Man. 


showed  that  to  increase  the  layers  of  stratification,  far  smaller  power  is  required 
than  to  produce  the  glow  light  plane. 

Ihe  phenomena  described  up  to  the  present  refer  to  electrical  discharges 
through  spaces  in  which  the  pressure  was  from  4 to  8 hundredths  of  at> 
inch.  If,  however,  the  pressure  becomes  one  hundredth,  phenomena  of  a 
different  kind  are  observed.  We  followed  the  phenomena  in  the  Geissler’s 
tube  to  where  the  positive  brush  light  is  placed  at  right  angles  to  the  negative 

glow  light ; the  same  phenomenon  will  be 
more  readily  produced  when  the  pressure 
is  reduced  to  3 or  2 hundredths  of  an 
inch.  If,  however,  the  pressure  is  reduced 
beyond  the  latter,  the  layers  in  the  brush 
light  diminish,  form  irregular  balls,  and 
finally  when  exhaustion  is  continued  dis- 
appear. The  glow  light  at  the  same  time 
expands  more  and  more,  in  the  same  pro- 
portion as  the  dark  space  round  the 
negative  electrode  becomes  larger  and 
larger. 

Higher  Vacua. — For  the  pheno- 
mena occurring  in  spaces  of  more  com- 
plete exhaustion  there  are  two  forms  of 
explanation  that  resemble  each  other  in 
attributing  the  flow  of  electricity  to  a kind 
of  convection  by  rarefled  particles  travelling 
from  the  negative  to  .the  positive  pole.  Dr. 
Puluj  considers  these  particles  are  of  the 
substance  of  the  negative  electrode,  while 
Crookes  thinks  that  they  belong  to  the 
residual  medium.  We  give  Crookes’  ex- 
planation in  his  own  words : 

“ If,  in  the  beginning  of  this  century,  we  had  asked.  What  is  a gas  ? the 
answer  then  would  have  been  that  it  is  matter  expanded  and  rarefied  to 
such  an  extent  as  to  be  impalpable,  save  when  set  in  violent  motion ; invisible, 
incapable  of  assuming  or  of  being  reduced  into  any  definite  form  like  solids, 
or  of  forming  drops  like  liquids ; always  ready  to  expand  where  no  resistance 
is  offered,  and  to  contract  on  being  subjected  to  pressure.  Sixty  years  ago 
such  were  the  chief  attributes  assigned  to  gases.  Modern  research,  however, 
has  greatly  enlarged  and  modified  our  views  on  the  constitution  of  these  elastic 
fluids.  Gases  are  now  considered  to  be  composed  of  an  almost  infinite  number 
of  small  particles,  or  molecules,  which  are  constantly  moving  in  every  direction 
with  velocities  of  all  conceivable  magnitudes.  As  these  molecules  are  exceed- 
ingly numerous,  it  follows  that  no  molecule  can  move  far  in  any  direction 
without  coming  in  contact  with  some  other  molecule.  But  if  we  exhaust  the 
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air  or  gas  contained  in  a closed  vessel,  the  number  of  molecules  becomes 
diminished,  and  the  distance  through  which  any  one  of  them  can  move  without 
coming  in  contact  with  another  is  increased,  the  length  of  the  mean  free  path 
being  inversely  proportional  to  the  number  of  molecules  present.  The  further  this 
process  is  carried  the  longer  becomes  the  average  distance  a molecule  can 
travel  before  entering  into  collision ; or,  in  other  words,  the  longer  its  mean 
free  path  the  more  the  physical  properties  of  the  gas  or  air  are  modified. 
Thus,  at  a certain  point  the  phenomena  of  the  radiometer  become  possible ; 
and  on  pushing  the  rarefaction  still  farther,  i.e.  decreasing  the  number  of 
molecules  in  a given  space  and  lengthening  their  mean  free  path,  the  experi- 
mental results  are  obtainable  to  which  I am  now  about  to  call  your  attention. 
So  distinct  are  these  phenomena  from  anything  which  occurs  in  air  or  gas 
at  the  ordinary  tension,  that  we  are  led  to  assume  th^t  we  are  here  brought 
face  to  face  with  matter  in  a fourth  state  or  condition,  a condition  as  far 
removed  from  the  state  of  gas  as  a gas  is  from  a liquid. 

“ When  the  negative  pole  is  examined  while  the  discharge  from  an  induction 
coil  is  passing  through  an  exhausted  tube,  a dark  space  is  seen  to  surround 
it.  This  dark  space  is  found  to  increase  and  diminish  as  the  vacuum  is  varied ; 
and  if  the  vacuum  is  insufficient  to  permit  much  play  of  the  molecules  before 
they  enter  into  collision,  the  passage  of  electricity  shows  that  the  ‘ dark  space  ’ 
has  shrunk  to  small  dimensions. 


“This  ‘dark  space’  is  shown  in  (Fig.  195),  which  represents  a tube  having 
a pole  in  the  centre  in  the  form  of  a metal  disc,  and  other  poles  at  each  end. 
The  centre  pole  is  made  negative,  and  the  two  end  poles  connected  together 
are  made  the  positive  terminal.  The  dark  space  will  be  in  the  centre.  When 
the  exhaustion  is  not  very  great  the  dark  space  extends  only  a little  on  each  side 
of  the  negative  pole  in  the  centre.  When  the  exhaustion  is  good,  the  dark 
space  is  seen  to  extend  for  about  an  inch  on  each  side  of  the  pole. 

“ Here,  then,  we  see  the  induction  spark  actually  illuminating  the  lines  of 
molecular  pressure  caused  by  the  excitement  of  the  negative  pole.  The  thick- 
ness of  this  dark  space  is  the  measure  of  the  mean  free  path  between  successive 
collisions  of  the  molecules  of  the  residual  gas.  The  extra  velocity  with  which 
the  negatively  electrified  molecules  rebound  from  the  excited  pole  keeps  back 
the  more  slowly  moving  molecules  which  are  advancing  towards  that  pole. 
A conflict  occurs  at  the  boundary  of  the  dark  space,  where  the  luminous  margin 
bears  witness  to  the  energy  of  the  discharge. 

“ Therefore  the  residual  gas  (or,  as  I prefer  to  call  it,  the  gaseous  residue) 
within  the  dark  space  is  in  an  entirely  different  state  to  that  of  the  residual 
gas  in  vessels  at  a lower  degree  of  exhaustion. 

In  the  exhausted  column  we  have  a vehicle  for  electricity,  not  constant, 
like  an  ordinary  conductor,  but  itself  modified  by  the  passage  of  the  discharge, 

and  perhaps  subject  to  laws  differing  materially  from  those  which  it  obeys 
atmospheric  pressure.”  ^ 

If  we  observe  a tube  through  which  induced  currents  have  been  passed  for 
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some  time,  metallic  films  are  seen  in  the  inside  of  the  tube,  which  are  well 
developed  in  the  immediate  neighbourhood  of  the  kathode.  This  phenomenon 
is  caused  by  the  particles  torn  away  from  the  electrode,  and  jerked  with  great 
rapidity  in  normal  directions.  They  are  charged  with  statical  negative  elec- 
tricity, and  give  rise  to  the  current.  As  every  tube,  no  matter  how  carefully 
exhausted,  has  still  a great  number  of  gas  molecules,  these  two  will  take  part 
in  this  so-called  convective  conduction  of  the  current.  Puluj  explains 
the  dark  space  and  kathode  light  in  the  following  way ; The  particles  charged 
with  statical  negative  electricity  are  jerked  away  from  the  kathode  with  great 
rapidity ; this  causes  the  gas  particles  to  be  farther  removed  from  the  kathode. 

At  the  line  where  electrode 
particles  meet  with  gas  par- 
ticles, diffusion  takes  place, 
and  the  electrode  particles 
are  finally  deposited  on  the 
glass.  When  the  electrode 
particles  that  are  moving  more 
quickly  meet  with  the  gas  par- 
ticles, further  motion  is  con- 
verted into  heat  and  light.  It 
follows  that  the  heat  and  light 
effects  must  be  greatest  near 
the  kathode,  and  diminish 
away  from  it.  The  dark  space 
near  the  kathode  is  caused  by 
the  far  more  rapid  motion  of 
the  electrode  particles  than 
the  gas  particles ; as  the  tube  throughout  has  the  same  pressure,  fewer 
particles  must  be  found  in  the  dark  space  than  in  the  adjoining  light  space. 
The  apparatus  shown  in  Fig.  195  may  help  to  make  the  given  explanation 
clearer.  Two  small  electrodes  from  the  ends  of  the  tube  are  connected  with  the 
positive  pole  p ; the  middle  electrode,  which  is  of  the  same  size  as  the  cross  sec- 
tion of  the  tube,  is  connected  with  the  negative  pole  n of  an  inductorium.  To 
the  right  and  left  of  the  kathode  spreads  the  dark  space ; bordering  on  it  we  find 
the  kathode  light,  and  the  fluorescent  and  phosphorescent  phenomena  which 
always  take  place  when  electrical  discharges  are  sent  through  Geisslers  tubes. 
Many  beautiful  effects  are  produced  by  the  richness  of  the  fluorescent  rays 
contained  in  the  light  of  these  discharges.  Although  these  phenomena  were 
known  for  some  time,  they  were  first  properly  studied  by  Hittorf,  Reitlinger,  and 
Urbanitzky.  Tubes  having  no  great  rarefaction,  but  made  of  uranium  glass, 
or  surrounded  with  a solution  of  quinine  or  fluorescent  liquid,  show  these  effects 
when  the  glow  light  is  well  developed.  But  with  the  higher  exhaustion  glass 
itself  is  phosphorescent.  Frequently  a beautiful  green  fluorescence  is  observed 
to  surround  the  space  of  the  glow  light,  which  slowly  decreases  in  luminosity 


Discharges  in  High  Vacua. 


205 


towards  the  brush  light.  Beyond  the  dark  space  where  the  brush  light  begins, 
no  fluorescence  is  observed,  owing  perhaps  to  the  slight  luminosity  of  the 
brush  light,  compared  with  the  more  luminous  glow  light.  Again,  in  tubes  highly 
exhausted,  where  the  kathode  light  shows  very  little  luminosity  on  account  of 
the  greater  rarefication  of  the  medium,  very  bright  green  light  is  observed  close 
to  the  space  near  the  kathode ; by  means  of  magnets  this  bright  green  light  may 
be  brought  to  arrange  itself  in  two  lines.  This  latter  light,  to  distinguish 
it  from  the  fluorescence,  was  called  phosphorescence.* 

In  Fig.  196  the  negative  electrode  consists  of  a disc,  the  positive  electrode 
of  an  ordinary  wire.  The  tube  is  so  far  exhausted  that  no  light  is  to  be  seen 
in  it ; the  discharge  goes  along  the  sides  of  the  tube,  t.e.,  in  the  form 
of  a hollow  cylinder.  If  now  this  tube  be  brought  between  the  poles  of  a 
magnet  n s,  an  oval  phosphorescent  ring  appears,  of  the  size  of  the  cross  section 


Fig.  196. — Action  of  a Magnet  on  a Discharge  in  a High  Vacuum. 


of  the  hollow  cylinder.  The  magnet  here  has  diverted  the  cylinder,  and  brought 
it  to  the  section  between  the  poles.  Puluj  constructed  a lamp,  represented  in 
Fig.  197,  making  use  of  the  phosphorescence  in  tubes  highly  exhausted.  One 
of  the  electrodes  has  the  shape  of  a rectangle,  the  other  that  of  a hemisphere, 
and  both  are  made  of  aluminium.  Above  the  electrodes  a wire  is  fused  into 
the  glass,  to  support  a mica  plate  s,  which  has  a coating  of  sulphide  of  cal- 
cium, and  has  the  position  shown  in  the  figure.  If  now  the  induced  current  be 
passed  in  such  a manner  that  the  hemisphere  becomes  the  kathode  and  the 
rectangle  the  anode,  the  screen  s begins  to  glow  with  a bright  green  light 
sufficient  to  light  up  moderately  a small  room. 

Neither  the  light  itself  nor  the  discharge  are  continuous,  but  the  interrup- 
tions of  the  current  follow  each  other  in  such  q.uick  succession  that  the  eye 
can  see  only  one  continuous  glow.  If,  for  instance,  we  move  one  hand  quickly 
before  the  lamp,  the  hand  appears  to  have  more  fingers  than  five.  We  only  see 
the  fingers  when  light  falls  upon  them ; but  the  light  here  consists  not  of  con- 
tinuous rays,  but  of  a number  of  rays  of  short  duration  quickly  following 
each  other.  Hence  we  do  not  see  a continuous  image  of  the  hand,  but  a series 
of  images  following  each  other  very  quickly.  Each  impression  lasts  a certain 

* By  fluorescence  is  understood  the  conversion  of  rays  of  higher  refrangibility  into  rays  of  lower 
reirangibility.  By  phosphorescence  is  meant  the  self-luminosity  of  a body. 
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time ; the  eye,  therefore,  will  still  see  the  second  image  when  tne  first  is  still  on 
the  retina. 

Puluj  further  constructed  an  apparatus  by  means  of  which  it  may  be  shown 
that  bodies  made  luminous  emit  light  when  heated  (Fig.  198).  At  a an 
aluminium  plate  is  fused  into  the  glass,  at  s a hemisphere  of  the  same  metal, 
and  at  B a mica  plate  is  fastened  as  before.  I'he  mica  plate  has  a layer  of 


l'*g-  197- — ■t'hosphorescence  ot  a Mica  Plate.  Fig.  198. —Chalked  Mica  Plate  in  Vacuum  Tube. 


dialk  on  the  side  facing  a.  The  apparatus  was  highly  exhausted.  If  con- 
nection be  made  with  an  inductorium,  so  that  a becomes  the  kathode, 
radiant  matter  will  fall  directly  upon  the  layer  of  chalk,  which  makes  the  mica 
plate  appear  of  a deep  yellow.  If  now  the  poles  be  reversed  so  that  s becomes 
the  kathode,  in  the  middle  of  the  mica  plate  a dark  yellow  spot  only  is  observed, 
which  spreads  gradually  in  all  directions  ; the  central  part  ceases  to  be  luminous, 
and  the  whole  image  produced  is  similar  to  that  which  a stone  thrown  into 
still  water  would  produce.  If  the  current  be  interrupted,  and  then  reversed  so 
that  s is  again  the  kathode,  no  yellow  spot  will  make  its  appearance ; the  whole 
phenomenon,  however,  will  be  repeated  after  a has  for  a short  time  been  made 
the  kathode.  The  explanation  is  a very  simple  one.  The  glow  of  the  whole 
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gcreen,  produced  when  A is  the  kathode,  is  due  to  the  phosphorescence  of 
radiant  matter.  The  effect  produced  is  only  an  indirect  one.  The  hemisphere 
brings  the  rays  to  a focus,  and  heats  the  layer  of  chalk  on  the  other  side, 
causing  the  phosphorescence  at  this  spot,  which  spreads  gradually  in  the  manner 
described.  This  effect,  of  course,  only  lasts  a certain  period,  and  must  come 
to  an  end  first  near  the  centre  where  it  was  started.  To  prove  that  radiant 
electrode  matter  consists  of  material  particles, 

Puluj  constructed  the  bulb  represented  in 
pjg_  igg ; — The  electrodes  are  circular  discs 
A and  K ; a,  the  anode,  serves  at  the  same 
time  as  a screen,  which  causes  the  phospho- 
rescence to  appear  in  the  form  shown  in  the 
figure  at  D within  the  shadow.  A small  piece 
of  a diamond  fixed  at  d glows  in  a soft  blue 
light,  which  is  probably  due  to  the  reflected 
particles  of  the  radiant  matter. 

There  is  one  particular  degree  of  ex- 
haustion more  favourable  than  any  other  for 
the  development  of  the  properties  of  radiant 
matter  which  are  now  under  examination. 

Roughly  speaking,  it  may  be  put  at  the 
millionth  of  an  atmosphere.  At  this  degree 
of  exhaustion  the  phosphorescence  is  very 
strong,  and  after  that  it  begins  to  diminish 
until  the  spark  refuses  to  pass. 

Crookes  showed  the  formation  of  the 
shadow  by  means  of  apparatus  Fig.  202,  of 
which  the  following  is  a description  ; 

Radiant  Matter  when  intercepted 
by  Solid  Matter  casts  a Shadow. — 

Radiant  matter  comes  from  the  pole  in  199. ^Phosphorescence  in  Vacuum 

Straight  lines,  and  does  not  merely  permeate  Tube, 

all  parts  of  the  tube  and  fill  it  with  light,  as 

would  be  the  case  were  the  exhaustion  less  good.  Where  there  is  nothing  in  the 
way  the  rays  strike  the  screen  and  produce  phosphorescence,  and  where  solid 
matter  intervenes  they  are  obstructed  by  it,  and  a shadow  is  thrown  on  the  screen. 
In  the  pear-shaped  bulb  (Fig.  200)  the  negative  pole  a is  at  the  pointed  end. 
In  the  middle  is  a cross  b,  cut  out  of  sheet  aluminium,  so  that  the  rays  from  the 
negative  pole  projected  along  the  tube  will  be  partly  intercepted  by  the  aluminium 
cross,  and  will  project  an  image  of  it  on  the  hemispherical  end  of  the  tube,  which 
is  phosphorescent.  The  black  shadow  of  the  cross  is  seen  on  the  luminous  end 
of  the  bulb  /:  d.  Now,  the  radiant  matter  from  the  negative  pole  passes  by  the 
side  of  the  aluminium  cross  to  produce  the  shadow ; the  glass  is  hammered  and 
bombarded  till  it  is  appreciably  warm,  and  at  the  same  time  another  effect  is 
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produced  on  the  glass,  i.e.  its  sensibility  is  deadened.  The  glass  has  got  tired,  if 
we  may  use  the  expression,  by  the  enforced  phosphorescence.  A change  is 
produced  by  this  molecular  bombardment  which  prevents  the  glass  from 
responding  easily  to  additional  excitement ; but  the  part  that  the  shadow  has 
fallen  on  is  not  tired ; it  has  not  been  phosphorescing  at  all,  and  is  perfectly 
fresh  ; therefore  if  we  throw  down  this  cross  (which  can  easily  be  done  by  giving 
the  apparatus  a slight  jerk,  for  it  has  been  most  ingeniously  constructed  with  a 
hinge),  and  so  allow  the  rays  from  the  negative  pole  to  fall  uninterruptedly  on 
to  the  end  of  the  bulb,  suddenly  the  black  cross  changes  to  a luminous  one, 
because  the  background  is  now  only  capable  of  faintly  phosphorescing,  whilst 


Fig.  200. — Radiant  Matter  casts  a Shadow. 


the  part  which  had  the  black  shadow  on  it  retains  its  full  phosphorescent  power. 
After  a period  of  rest  the  glass  partly  recovers  its  power  of  phosphorescing,  but 
it  is  never  so  good  as  it  was  at  first. 

Here,  therefore,  is  another  important  property  of  the  radiant  matter.  It  is 
projected  with  great  velocity  from  the  negative  pole,  and  not  only  strikes  the 
glass  in  such  a way  as  to  cause  it  to  vibrate  and  become  temporarily  luminous 
while  the  discharge  is  going  on,  but  the  molecules  hammer  away  with  sufficient 
energy  to  produce  a permanent  impression  upon  the  glass. 

This  is  Crookes’  mode  of  explanation.  Puluj,  however,  accounts  for  the 
phenomenon  thus  : The  parts  of  the  glass  beyond  the  shadow  are  coated  gradually 
with  metal  particles,  which  thus  weaken  their  phosphorescence,  whilst  the 
portions  of  the  glass  lying  within  the  shadow  remain  free  from  this  metall’c 
coating.  Radiant  matter  is  capable  of  producing  other  effects  besides  phos- 
phorescence. Crookes  found  that  it  was  capable  of  melting  platinum,  iridium, 
and  glass.  Puluj  constructed  a lamp,  shown  in  Fig.  201,  to  exhibit  some 
of  these  effects.  k,  the  negative  electrode,  consists  of  a hemisphere  of 
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08  inch  diameter;  at  a distance  of  about  1-4  inches  from  it  is  a cone  of 
carbonised  paper,  resting  upon  a thick  platinum  wire,  which  is  fused  into  a glass 
rod.  The  glass  rod  also  supports  the  disc- 
shaped  anode  at  A.  The  rays  coming  from 
the  hemisphere  unite  at  the  point  of  the  carbon 
cone,  and  bring  the  latter  to  a white  heat.  The 
exhaustion  of  the  globe  and  the  heating  of  the 
carbon  must  proceed  together,  because  other- 
wise the  gases  given  off  by  the  carbon  would 
be  retained.  The  most  perfect  white  heat 
Puluj  obtained  at  a pressure  of  coo  16.  At  a 
still  greater  exhaustion  the  heat  of  the  carbon 
diminishes,  and  the  phosphorescence  at  the 
glass  sides  increases.  This  may  be  continued 
until  the  carbon  remains  perfectly  dark. 

Repulsion  of  the  Glow  by  other 
Bodies. — We  have  seen  what  effects  magnets 

will  produce  on  the 
phenomenon,  and 
we  next  have  to  con- 
sider whether  other 
bodies,  conductors 
or  non-conductors, 
affect  the  electric 

glow.  For  the  purpose  of  studying  repulsion,  Reit- 
linger  and  Urba:nitzky  made  use  of  tubes  of  different 
shapes  filled  with  either  air,  H,  O,  or  N.  Every  gas 
when  exhausted  to  one  millimetre  or  inch  pressure 
showed  the  usual  alteration.  If,  however,  exhaustion 
was  continued  beyond  this,  repulsion  took  place 
when  a good  conductor  was  brought  near  the 
column  of  glowing  gas.  A very  marked  effect 
is  produced  when  the  pressure  for  oxygen  is  re- 
duced, to  C012  inch,  and  for  carbonic  acid  gas  to 
o’oo4  inch. 

At  the  positive  electrode  connected  with  the  -|- 
pole  of  the  inductorium,  in  Fig.  203,  a faint  image 
of  the  glow  light  is  seen  (which  in  carbonic  acid  is 
blue).  The  electrode  is  surrounded  by  a thin  column 
of  green  light,  round  which  a blue  glow  spreads.  At 
b,  the  positive  end  of  the  tube,  the  green  brush  light 
is  continued,  but  next  to  it  comes  a blue  ball  of 
light,  which  is  separated  from  the  -f  electrode  and 
the  green  brush  light  by  dark  spaces.  In  the  middle 


Fig.  201. — Focussing  the  Heat  in 
a Vacuum  Tube. 


i'lg.  202. — The  Ball-shaped 
Glow. 
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of  the  tube  the  brush  light  divides,  as  shown  in  the  figure.  The  use  of  the  in- 
duction coil  breaks  the  continuity  of  the  light,  and  causes  the  ball-shaped  glow  to 
remain  suspended  in  the  middle  of  the  tube  ; may  not  this  ball-shaped  glow 
represent  ball  lightning  on  a very  small  scale  ? Repulsion  was  strongly  marked 
when  a conductor  (here  a brass  ball,  shown  in  Fig.  203)  was  brought  w'ithin 
4 to  8 inches.  The  brush  light  moved  as  far  back  as  it  could.  The  simi- 
larity of  this  phenomenon  with  comets,  which  leave  a well-developed  tail  behind 
them  {see  Henry’s  comet.  Fig.  204),  confirms  the  view  that  the  tails  of  comets 
undergo  a real  or  apparent  repulsion  by  the  sun,  which  has  been  maintained  by 


Fig.  204. — Henry’s  Comet 


Newton,  Olbers,  Bossel,  Faye,  Plana,  and  others.  Although  there  is  no  doubt 
whatever  about  the  repulsion,  as  yet  we  are  not  able  to  bring  forw'ard  a satis- 
factory explanation  of  its  cause.  Urbanitzky  and  Reitlinger  think  the  force  of 
repulsion  between  the  sun  and  the  comet’s  tail  explained  by  their  experiment, 
shown  in  Fig.  202,  which  was  verified  by  a series  of  other  experiments. 

It  should  be  pointed  out  that  the  “dark  space”  shoyvn  surrounding  the 
negative  electrode  in  Fig.  195,  gradually  increases  in  size  as  the  rarefaction  is 
continued  until  it  completely  fills  the  vessel.  This  stage  has  been  reached  in  Figs. 
197  to  200,  where  none  of  the  light  of  the  electric  discharge  is  manifested,  the 
luminous  effects  being  altogether  due  to  what  has  been  called  phosphorescence. 

Professor  Crookes  has  recently  much  extended  the  experiments  already 
described.  It  has  already  been  showm  that  the  “radiant  matter’  (whether  it 
consist  of  particles  of  the  electrode  as  Puluj  affirms,  or  of  electrified  gaseous 
molecules  as  Crookes  believes)  moves  in  straight  lines  (Fig.  200)  from  the  negative 
electrode.  By  using  idle  poles  at  different  distances  from  the  electrode,  Crookes 
has  shown  that  the  stream  of  molecules  is  negatively  electrified,  though  his  results 
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at  first  were  puzzling  because  of  the  development  of  positive  electrification  on 
the  glass  due  to  the  friction  of  the  molecules. 

That  there  is  an  actual  stream  of  matter  was  long  since  proved  by  the 


Fig.  205. — The  Return  of  the  Gas  Molecules. 


Fig.  206.— Phosphorescence  with  External  Poles. 


conclusive  experiment  of  setting  up  in  its  path  little  vanes  free  to  rotate.  Fig.  205 
presents  a more  complicated  piece  of  apparatus  devised  by  Crookes  to  illustrate 
a further  consequence  of  his  theory  that  the  moving  particles  are  molecules  of  the 
gaseous  residue.  If  these  molecules  are  continually  repelled  in  straight  lines 
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from  the  negative  electrode,  then  unless  they  find  their  way  back  again  the 
phenomena  must  sooner  or  later  come  to  an  end.  The  case  is  similar  to  that  of 
the  heating  of  a kettle  of  water  by  a flame  placed  under  the  centre  of  the  base. 
A continuous  stream  of  heated  molecules  passes  up  the  centre  of  the  vessel,  to 

return,  however,  downwards  by 
the  sides  to  supply  the  places  of 
those  subsequently  heated. 

In  Fig.  205  the  rarefied  vessel 
is  divided  into  two  parts  by  a 
glass  screen  c,  pierced  with  two 
small  holes  at  d and  e.  The 
negative  electrode  a'  is  concave, 
and  is  so  placed  that  its  focus  is 
at  the  hole  d.  Behind  this  hole 
the  little  mill  f is  placed  so  that 
its  movable  vanes  can  come 
successively  opposite  d.  On 
passing  the  induction  current,  this 
mill  rotates  as  we  have  already 
explained.  But  opposite  the  hole 
E is  another  little  mill  g,  whose 
vanes  also  rotate,  showing  that 
a current  of  matter  is  passing 
through  E from  right  to  left. 

This  experiment  tends  to 
prove,  though  not  conclusively, 
that  the  radiant  matter  molecules 
are  those  of  the  gas,  and  not 
particles  torn  from  the  electrode. 
Professor  Crookes  has,  however, 
carried  the  experimental  support  of  his  theory  much  farther.  He  has  shown 
that  the  effects  are  the  same  whether  the  electrode  is  made  of  a non-volatile  or  a 
volatile  metal,  and  in  the  latter  case  that  the  metal  torn  off  can  be  intercepted 
quite  close  to  the  electrode,  the  “ radiant  matter  ” proceeding  to  a distance  alone 
and  producing  its  peculiar  effects.  Finally,  he  has  produced  all  the  phenomena 
of  vacuum  tubes  with  the  electrodes  outside  the  glass,  and  therefore  in  such  a 
position  that  no  metal  could  be  torn  off  them. 

In  Figs.  206  to  208  we  illustrate  a few  only  of  his  experiments.  Fig.  206  shows 
a bulb  containing  some  pure  yttria  and  a few  rubies  ; these  lie  over  the  positive 
electrode  b,  and  opposite  the  negative  one  a,  both  electrodes  being  outside  the 
bulb.  When  the  pressure  is  0-9  M*  the  yttria  and  rubies  phosphoresce  brilliantly 
under  the  molecular  bombardment. 

* The  symbol  M stands  for  a pressure  of  onc-millionth  of  the  standard  atmospheric  pressure  of 
30  inches  of  mercury. 


Fig.  207.— Radiant  Matter  Shadow. 

{External  Poles.) 
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Fig.  207  is  a repetition  of  the  experiment  of  Fig.  200,  but  in  this  case  the  elec- 
trodes a and  B are  again  outside  the  glass.  Finally,  Fig.  208  shows  the  produc- 
tion of  mechanical  motion  in  a vessel  with  external  poles.  The  little  wheel  in  the 
centre  is  made  of  aluminium  with  vanes  of  transparent  mica  ; these  vanes  come 
successively  to  the  focus  of  the  negative  electrode  a,  and  the  wheel  rotates  in 
the  direction  shown  by  the  arrow  when  the  current  is  passed.  On  reversing  the 
current  and  making  b negative,  the  rotation  is  also  reversed.  In  this  case  the 

pressure  was  i ’3  M. 

By  further  experiments 
Professor  Crookes  has  shown 
that  the  radiant  matter  par- 
ticles are  not  torn  off  the  in- 
side of  the  glass  in  these 
“ external  electrode  ” tubes. 

Still  more  recently,  under  the 
title  of  “ Electrical  Evapora- 
tion,” he  has  published  results 
of  experiments  on  the  different 
volatilities  of  various  metals, 
when  used  as  the  negative 
electrodes  in  vacuum  tubes. 

In  the  experiment  just 
described  Professor  Crookes 
produced  the  various  pheno- 
mena of  discharge  by  using 
electrodes  outside  the  ex- 
hausted tubes.  But  since 
then  Professor  J.  J.  Thomson 

in  England  and  Professor  jrjg_2o8. — Mechanical  Motion  produced  by  Radiant  Matter, 
Elihu  Thomson  and  Mr.  Ni-  ' {External  Poles.) 

kola  Tesla  in  America  have 

made  very  striking  experiments  with  vacuum  tubes  that  have  no  electrodes. 
Fig.  309  illustrates  one  of  the  fundamental  experiments  made  by  Professor  J.  J. 
Thomson.  B is  an  exhausted  bulb,  and  a c c a'  is  a glass  tube  coiled  into  a 
spiral,  and  containing  mercury.  When  this  spiral  is  made  part  of  the  discharge 
circuit  of  a Leyden  jar,  the  bulb  b becomes  luminous  during  the  discharge  of 
the  jar.  This  effect  is  due  to  induction  ; the  discharge  of  a Leyden  jar  is 
oscillatory,  consisting  of  gradually  diminishing  currents  alternately  in  opposite 
directions.  As  these  currents  surge  backwards  and  forwards  in  the  spiral  a c c a', 
induced  currents  are  set  up  in  the  conducting  space  inside  the  exhausted  bulb  b, 
and  these  induced  currents  are  of  sufficient  magnitude  to  make  the  bulb  glow. 

When  the  account  of  these  experiments  reached  America,  Professor  Elihu 
Thomson  and  Mr.  Nikola  Tesla  published  accounts  of  experiments  which  they 
had  already  independently  made  in  the  same  direction.  Fig.  210  shows  an 
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experiment  made  by  Professor  Elihu  Thomson,  b is  an  exhausted  glass  vessel 
having  the  form  of  an  anchor  ring  ; j is  a Leyden  jar,  the  inner  coating  of  which 
IS  joined  to  one  terminal  t of  a Holtz  Induction  Machine.  The  other  terminal 
t'  of  the  machine  is  connected  to  the  outside  of  the  jar  by  a 
heavily  insulated  wire  a a coiled  in  a single  turn  underneath 
the  vessel  b.  On  working  the  machine  it  was  found  that  at 
every  discharge  between  the  terminals  t t'  a band  of  light 
appeared  in  the  vacuous  ring  b,  due  to  the  induction  of  the 
surging  currents  in  the  coiled  wire  beneath  it. 

Tesla’s  Experiments.— But  by  far  the  most  brilliant 
of  recent  experiments  of  this  class  are  those  which  have  been 
published  during  the  last  two  years  by  Mr.  Nikola  Tesla. 
These  experiments  were  undertaken  with  the  object  of  dis- 
covering a much  more  economical  method  of  artificial  illumi- 
nation than  any  of  those  at  present  in  use.  The  physical 
knowledge  and  experimental  skill  and  ingenuity  brought  to 
bear  upon  the  problem  are  admirable,  and  incidentally  results 
have  been  evolved  which  may  have  important  practical  bearings. 

The  chief  peculiarity  of  Tesla’s  experiments  is  that  he  discards  the  induction 
coil  of  previous  experimenters  in  this  direction,  with  its  disruptive  mechanical  or 
other  break  in  the  primary  circuit.  Instead  he  uses  in  the  primary  circuit  a 
dynamo  machine  or  alter- 
nator giving  an  alternate 
current,  whose  pulsations 
are  perfectly  regular  and 
periodic.  By  means  of  a 
specially  constructed  ma- 
chine he  drove  the  rate  of 
pulsation  up  to  hundreds 
of  thousands  per  second, 
and  also  by  employing  suit- 
able induction  coils  (or 
transformers.,  as  these  par- 
ticular modifications  are 
now  called)  he  was  able  to 
drive  his  pressure  up  to 
very  high  voltages.  Thus 
the  currents  used  to  pro-  Fig.  210.  — Elihu  Thomson’s  Experiment  without  Electrodes. 

duce  his  effects  were  “alter- 
nate currents  of  high  potential  and  high  frequency.”*  We  regret  that  we  can 
only  refer  to  a few  of  the  experiments  of  this  indefatigable  worker. 

Figs.  211  and  212  illustrate  the  form  of  the  discharge  from  the  secondary 

* The  frequency  of  an  alternate  current  is  the  number  of  alternations  per  second  ; thus  a frequency 
oj  20,000  means  20,000  alter  nations  per  second. 


Fig.  209. —J.  T. 
Thomson’s  E.\- 
periment  without 
Electrodes. 
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terminals  of  a transformer  when  the  currents  just  leferred  to  are  sent  through 
the  thick  wire  primary.  In  Fig.  211  the  discharge,  instead  of  passing  directly 
across  from  one  terminal  to  the  other,  appears  as  two  flames  passing  directly 
upwards  from  the  terminals.  These  flames  are  h^t,  and  are  considered  by  Mr. 
Tesla  to  resemble  ordinary  flames  more  than 
would  at  first  be  thought  possible,  and  would 
exactly  resemble  them  if  only  the  potential 
and  frequency  were  sufficiently  high.  The 
difiference  would  be  that  in  the  electric  flame 
there  would  be  no  chemical  action  or  con- 
sumption of  material.  It  is  thus  rendered 
probable  that  the  light  and  heat  of  an  ordi- 
nary flame  are  due  to  electrical  actions,  to 
which  the  chemical  changes  are  subsidiary, 
though  at  present  necessary.  The  flame 
from  one  terminal  is  much  intensified  if  the 
other  terminal  be  joined  to  a point  on  the 
primary  circuit  as  in  Fig.  212.  In  this  case  it  resembles  che  phenomenon  known 
as  “ St.  Elmo’s  Fire.” 

If  the  terminals  of  the  coil  be  thin  wires,  these  wires  can  by  suitable  adjust- 
ments be  made  to  glow  throughout  their  length.  A method  of  doing  this  is 
shown  in  Fig.  213.  Two  thin  wires  w w are  glued  on  to  ebonite  plates,  and  so 

shaped  as  to  form  any  de- 
sired pattern ; the  wires, 
which  may  either  be  bare 
or  covered  with  insulating 
material,  are  connected  to 
the  terminals  of  the  trans- 
former.* '1  he  plates  are 
fixed  in  the  same  plane  and 
sufficiently  far  apart  to  pre- 
vent direct  sparks  passing 
between  the  wires.  To  en- 
hance the  effect,  each  ebo- 
nite plate  has  on  its  back 
a tinfoil  coating  t /,  these 
coatings  being  connected  by  the  wire  c.  By  using  a suitable  current  in  the 
primary  and  darkening  the  room  the  wires  may  be  observed  to  glow 
brilliantly. 

If  the  two  wires  forming  the  terminals  are  brought  sufficiently  close,  brilliant 
streams  of  light  pass  between  them,  and  by  properly  shaping  the  wires  some 
beautiful  effects  can  be  produced.  If  the  wires  are  bent  into  the  shape  of  large 
and  small  circles,  and  placed  concentrically  in  the  same  plane,  we  get  the  brilliant 


The  construction  of  this  particular  transformer  will  be  described  in  the  Technical  section. 
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luminous  disc  shown  in  Fig.  214.  Here  the  circle  f is  about  12  inches  and  the 
circle  c about  32  inches  in  diameter. 

Some  of  the  most  effective  experiments  performed  by  Mr.  Tesla  were  those 
in  which  vacuum  tubes  without  electrodes  were  brilliantly  illuminated  in  any 
part  of  the  room  between  two  condenser  plates.  The  arrangement  of  the 
experiment  is  shown  diagramatically  in  Fig.  215.  The  primary  currents  are 
generated  by  the  alternator  a,  the  circuit  of  which  includes  the  condenser  c and 


Fig.  213. — Wires  rendered  brilliantly  Luminous. 


the  primary  wire  p of  the  transformer  T.  The  secondary  circuit  s is  joined  to  the 
two  large  metal  plates  p,  p.  When  the  machine  is  worked,  exhausted  tubes  v, 
carried  in  the  hand  and  held  anywhere  between  the  plates,  will  always  remain 
luminous.  The  action  is  due  to  the  continually  surging  electrostatic  strains  in 
the  dielectric  between  the  plates.  If  one  of  the  plates  be  suspended  from  the 
ceiling  of  a room  by  insulating  cords  and  the  other  be  placed  under  the  carpet 

the  effect  is  at  first  somewhat  startling. 

Not  the  least  interesting  of  the  experiments  are  those  in  which  attempts  were 
made  to  produce  a practicable  lamp.  We  illustrate  two  of  these  experimental 
lamps.  In  Fig.  216  l is  an  ordinary  exhausted  glow  lamp  bulb,  spherical  in 
shape’  to  the  neck  of  which  the  metallic  collar  s is  cemented.  The  insulating 
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plug  p is  screwed  into  the  collar,  and  through  the  centre  of  this  plug  passes  the 
metallic  terminal  t,  which  is  in  connection  with  the  leading-in  wire  w.  The 
space  between  s and  p and  the  glass  of  the  neck  is  filled  with  powdered  mica  to 
improve  the  insulation.  The  wire  w passes  up  through  the  glass  stem  s,  and 
has  sealed  on  to  its  end  a 
short  carbon  filament  /, 
which  carries  a refractory 
button  m,  made  of  carbo- 
rundum, zirconia,  or  other 
suitable  material,  and  placed 
exactly  at  the  centre  of  the 
large  bulb.  A thin  sheet 
of  mica  m surrounds  the 
glass  stem  s,  and  a tube  a 
of  aluminium  is  slipped 
over -the  mica.  When  the 
terminal  t is  connected  to 
the  transformer,  the  little 
button  m becomes  highly 
incandescent  and  emits  a 
strong  light.  It  should  be 
noticed  that  there  is  only 
one  leading-in  wire. 

A further  modification 
is  shown  in  Fig.  217,  where 
the  metallic  collar  is  dis- 
pensed with,  and  the  wire 
w is  led  directly  in.  The 
interior  stem  and  refractory 
button  are  constructed  in 
the  way  just  described,  but 
the  other  side  of  the  bulb 
is  provided  with  a long 
neck  n.  A tinfoil  coating 
is  slipped  over  ?z,  and  the 
lamp  can  be  lighted  either 

y.,  “ to  the  Fig.  e.4-L„„i„„„s  Discs, 

coil,  or  by  joining  w to 

an  insulated  plate  to 

terminal  of  the  coil. 


increase  its  capacity  and  connecting  the  tinfoil  to  the 


discharges  fom  ’ ItO”- ordinary  glow  lamps  can  be  lighted  by 

Ptaes  of  a c 7 T joined  to  the  opposite 

£ Conner  “ "'0“  ■=  connected  to  a 

opper  bar  a r r,  bent  as  shown.  The  far  end  of  this  bar  carries  a 
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knob  <5,  opposite  which  is  another  knob  b' , joined  to  the  other  terminal. 
Ordinary  glow  lamps  are  strung  across  the  bar,  as  shown,  and  as  the  condenser 


Fig.  2151 — Ideal  Method  of  Lighting  a Room. 


is  discharged  across  the  knobs  these  lamps  are  lighted  up.  With  ordinary  steady 
currents  the  thick  bend  r'  would  short- 
circuit  the  lamps,  and  drain  off  all 
current  from  them,  but  at  high  fre- 
quencies the  impedance  of  the  bend 
is  comparable  to  that  of  the  lamps, 
which  accordingly  receive  their  share  of 
current  and  are  lit  up.  Another  curious 
phenomenon  is  observed ; one  of  the 
lamps  glows  much  more  brightly  than 
the  other,  thus  showing  the  existence 
of  electrical  nodes  on  the  copper  bar 
similar  to  the  well-known  nodes  of  a 
tuning-fork. 

These  and  other  experiments  have 
led  many  to  turn  their  attention  to 
high  potential  work,  resulting  in  some 
novel  experiments.  To  a few  of  these 
we  may  have  an  opportunity  of  refer- 
ring later  on. 

The  Electro-magnetic  Theory 
of  Light. — It  is  now  about  a quarter 
of  a century  since  Clerk  Maxwell  first 
promulgated  his  celebrated  theory  that 
light  is  an  electro-magnetic  pheno-  Fig.  216 Radiant  Matter  ” Lamp, 

menon.  The  chief  basis  of  the  theory 

was  the  fact  that  the  velocity  with  which  an  electro-magnetic  disturbance  is  propa- 
gated in  a vacuum  is,  within  experimental  errors,  the  same  as  the  velocity  0 
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light,  namely,  about  185,000  miles  per  second.  The  conclusion  was  almost  irresis- 
tible that  the  two  phenomena,  both  forms  of  wave  motion,  propagated  with  this 
unique  velocity,  were  not  only  similar  but  identical,  and  could  only  differ  in  the 
ways  in  which  one  wave  differs  from  another  of  the  same  kind — that  is  in 


frequency  and  wave-lengih.  For  many 
years,  however,  the  measurement  of 
the  electric  velocity  was  made  by  in- 
direct experiments,  the  actual  waves 
not  being  experimented  with.  But 
during  the  last  few  years  Hertz,  and 
many  others  following  him,  have  made 
experiments  on  the  electro-magnetic 
waves,  proving  most  conclusively  their 
identity  in  character  with  those  of  light. 

The  success  of  Hertz’s  experiments 
was  due  to  the  use  of  special  radiators 
by  which  electric  wa^'es  of  a definite 
period  could  be  geiierated  in  the  me- 
dium, and  also  by  the  employment  of 
resonators,  by  which  the  presence  of 
the  waves  could  be  detected  and  their 
form  analysed  at  a distance  frorh  the 
radiator.  These  resonators  are  in 
reality  so  many  electric  eyes,  which 
enable  the  experimenter  to  detect  the 
presence  of  waves  outside  his  range 
of  vision.  The  lengths  of  the  waves 
which  affect  the  human  eye  range  from 
about  I ‘5  to  3 hundred-thousandths 
of  an  inch,  and  are  therefore  excessively 
minute.  Waves  longer  or  shorter  than 
these  do  not  affect  the  sense  of  sight. 
But  the  electro-magnetic  waves  may 
have  any  length,  from  these  small  ones 
up  to  wave-lengths  of  many  miles ; 
hence  the  necessity  for  special  methods 
of  detecting  them. 

By  making  use  of  the  appropriate 


Fig.  217. — Improved  Experimental  Lamp. 


apparatus  it  has  now  been  proved  that  the  electric  waves  have  all  the  properties 
of  light  waves.  They  can  be  reflected,  refracted,  polarised,  brought  to  a focus, 
etc.  Ihus  the  electro-magnetic  theory  of  light  is  experimentally,  demonstrated. 
Une  curious  result  that  has  been  proved  is  that  many  non-conductors  that  are 
perfectly  opaque  to  light,  are  transparent  to  waves  of  a different  wave-length, 
us  pitch,  which  IS  opaque  enough  to  ordinary  light,  is  so  transparent  to  some 
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waves  that  it  has  been  used  to  form  lenses  which  converge  these  waves  to  a 
focus  just  as  glass  lenses  converge  light  to  a focus.  Again,  radiations  set  up  in 
a laboratory  have  been  detected  travelling  across  the  lawn  outside,  having  passed 
with  ease  through  a massive  wall  of  masonry  two  feet  thick. 

The  consideration  of  these  and  other  experiments  have  led  to  a tentative 
answer  to  the  important  question,  “What  is  Electricity?”  Though  not  yet 

proved,  much  of  the  evidence  at  present  available 
points  in  the  direction  of  the  answer  that  the  inter- 
stellar ether.,  whose  existence  is  necessary  to  the 
undulatory  theory  of  light,  and  which  transmits  the 
light  of  distant  worlds  to  us,  is  none  other  than 
that  entity  which  since  the  time  of  Gilbert  has  been 
called  Electricity. 

Application  to  Incandescent  Lamps. — 
From  a mere  theoretical  point  of  view,  Crookes’ 
experiments  on  electrical  phenomena  in  rarefied 
spaces,  and  his  deductions  therefrom,  claim  atten- 
tion; but  they  are  of  more  importance  from  a practical 
point  of  view,  because  of  the  daily  increasing  use  of 
incandescent  lamps.  Here  we  have  conductors 
through  which  currents  pass  in  an  imperfectly  insu- 
lating medium.  It  follows  that  the  diflTerence  of 
potential  in  the  conductor  must  bring  about  side 
discharges  between  the  different  parts  of  the  con- 
ductor, and  this  occurs  the  sooner,  the  higher  the 
voltage  of  the  currents.  By  making  use  of  alternating 
Fig.  218.— Glow  Lamp  lighted  by  currents  of  200  to  230  volts,  the  blue  glow  was 
Discharges  from  a Coil.  observed  by  Puluj  at  the  platinum  wires  to  which 

the  carbon  filament  was  fastened.  This  glow  under- 
went the  same  changes  on  further  exhaustion  as  are  observed  in  Giessler’s 
tubes.  At  a pressure  from  0*04  to  o’02  each  the  glow  surrounded  the  wires 
•for  a distance  of  about  one-tenth  of  an  inch;  at  a pressure  of  0-0028  inch  the 
glow  light  filled  the  whole  glass  bulb.  As  alternating  currents  were  used,  the 
glow,  of  course,  appeared  at  both  platinum  wires.  The  incandescent  carbon 
filament,  however,  showed  no  sign  of  the  glow. 

Wachter  proved  the  existence  of  material  particles  in  the  spark,  and  the 
disgregation  of  electrodes,  etc.,  and  Puluj  has  shown  that  material  particles  are 
also  carried  away  by  the  current  from  both  conductor  and  electrodes ; a similar 
mechanical  disgregation  was  to  be  expected  in  the  carbon  filament  also,  and  has 
been  proved  to  exist  by  Puluj.  This  experiment  showed  that  dissipation  takes 
place  along  the  whole  surface  of  the  filament,  but  is  more  marked  at  the 
negative  than  at  the  positive  pole ; it  follows  that  a filament  must  wear  out  the 
sooner  when  its  resistance  is  considerable  and  the  current  has  a high  voltage. 
Currents  of  high  voltage  are  not  economical,  for  this  reason,  that  they  favour  tlie 
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blue  glow ; the  whole  electrical  energy  which  is  necessary  for  the  production  of 
it  is  lost  for  the  light  effect,  and  only  serves  to  heat  the  glass  globe. 

Further  investigations  on  the  Physics  of  the  Glow  Lamp  were  made  by 
Mr.  Edison  in  1884,  Mr.  Preece  in  1885,  and  still  more  recently  (1890)  by 
Dr.  Fleming.  The  first  of  these  observers  discovered  a most  interesting 
phenomenon  now  known  as  the  “ Edison”  effect.  A glow  lamp  with  a horse- 
shoe-shaped filament  has  a metal  plate  supported  between  the  two  legs  of  the 
filament  by  a platinum  wire  sealed  through  the  glass,  the  plate  being  thus  quite 
apart  from  the  electrical  circuit  of  the  lamp.  If  now  a continuous  current  be 
passed  through  the  lamp  and  the  wire  connected  to  the  middle  plate  be  joined 
through  a galvanometer  to  the  positive  terminal,  this  galvanometer  shows  a steady 


Fig.  219. — Carbon  Filament  Fig.  220. — Magnified  Diagram  of  Carbon  Filament, 
of  Incandescent  Lamp. 

current.  On  the  other  hand,  if  the  galvanometer  wire  be  attached  to  the  nega- 
tive instead  of  the  positive  terminal  no  current  can  be  detected.  Dr.  Fleming 
has  shown  that  the  phenomenon  can  be  exhibited  with  an  arc  lamp,  and  he 
has  also  produced  the  “ Edison  ” effect  in  ordinary  air.  It  appears  to  be  due 
to  negatively  charged  particles  of  carbon  repelled  from  the  negative  electrode. 

In  order  to  obtain  uniform  resistance  in  the  carbon  filament  of  the  incan- 
descent lamp,  Maxim  and  others  adopted  the  plan  of  making  the  filament  incan- 
descent in  an  atmosphere  of  carburetted  hydrogen,  which  is  decomposed  by  the 
current,  the  carbon  being  deposited  on  the  carbon  filament.  Puluj  describes  the 
phenomenon  during  carbonisation  in  the  following  manner : The  carburetted 
hydrogen  atmosphere  is  heated  to  such  an  extent  that  decomposition  takes  place 
in  consequenc?  of  the  high  temperature,  causing  black  clouds  of  smoke  and 
deposition  of  soot.  Besides  this  decomposition  of  the  gas  molecules  by  heat, 
they  are  further  separated  by  an  electrolytic  process,  which  is  brought  about  by 
the  electrical  discharges  between  the  separate  portions  of  the  carbon  filament. 
The  carbon  of  the  carburetted  hydrogen  is  deposited  according  to  the  direction 
of  the  current.  Fig.  219  represents  the  carbon  filament  with  its  deposit  in  its 
natural  size.  Fig.  220  shows  the  same  eighty  times  magnified. 
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ANIMAL  ELECTRICITY. 


Physiological  Effects. — Discharges  of  electricity  through  the  limbs  pro- 
duce somewhat  painful  sensations  in  the  nervous  system,  and  cause  the  muscles 
to  contract.  The  discharge  from  an  electric  machine  producing  high  potential, 
or  from  a condenser  or  an  induction  coil,  gives  a sharp  shock.  The  current 
from  a battery  of  a few  Grove  cells  passing  through  the  system  produces  a 
tingling  sensation,  which  is  considerably  increased  if  the  circuit  be  quickly 
“ made  ” and  “ broken.” 

The  effect  of  these  interruptions  of  the  current  may  easily  be  seen  in  a frog’s 
leg.  On  break  and  make  of  the  current,  motions  in  the  frog’s  leg  are  observed, 
but  it  is  perfectly  at  rest  when  a uniform  current  is  sent  through  it.  Du  Bois- 
Reymond  thus  states  the  law  for  electrical  effects  upon  nerves : It  is  not  the 
absolute  value  of  the  e.  m.  f.  of  the  current  at  each  moment  that  causes  motion 
in  the  nerve,  but  the  change  of  this  value.  Although  electrical  currents  only 
influence  nerves  at  make  and  break,  and  during  fluctuation  of  the  current, 
a uniform  flowing  current,  however,  does  not  remain  quite  without  influence 
upon  the  nervous  system.  Volta  mentioned  that  he  had  a peculiar  sensation 
when  he  passed  the  current  of  loo  elements  of  a zinc-silver  pile  through  his 
body.  When  the  wires  of  a large  battery  are  placed  in  the  ears  a continued 
noise  is  heard.  A feeble  current  through  the  eye-ball  produces  the  sensation 
cf  a flash. 

The  sensitiveness  of  a frog’s  leg  is  so  great  for  alterations  in  the  current  that  it 
may  be  considered  the  most  sensitive  electroscope.  The  very  feeble  currents  of 

a telephone,  for  instance,  are  suffi- 
cient to  affect  it.  If,  therefore, 
the  freshly  exposed  nerves  of  a 
frog  be  connected  with  the  wires 
of  a telephone,  the  muscle  will 
move  with  different  rates  of  ra- 
pidity as  different  words  are  spoken 
to  the  telephone.  Experiments  by 
Nobili  and  Matteucci  have  shown 
that  when  the  nerve  and  muscle 
of  a frog  are  connected  by  a water 
contact  with  a delicate  galvano- 
meter, a current  manifests  itself. 
This  has  been  called  the  muscle  current.  Du  Bois-Reymond  has  shown 
that  the  ends  and  sides  of  a freshly  cut  muscle  have  a difference  of  poten- 
tial. He  used  for  these  experiments  a very  sensitive  multiplier  (with  4,600 
turns),  and  attached  to  the  wire  terminals  platinum  plates,  which  were 
immersed  in  vessels  containing  concentrated  solutions  of  ordinary  salt. 
When  only  the  demonstration  of  the  existence  of  a muscle  current  was 


Fig.  221.  — Current  of  a Muscle. 
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intended,  it  was  sufficient  to  merely  connect  the  two  glass  vessels  with  each  other 
by  means  of  the  animal’s  limb ; as,  however,  the  concentrated  salt  solution  is 
liable  to  affect  the  animal  tissue,  and  so  interfere  with  the  continued  action,  he 
connected  in  another  manner  the  two  vessels  containing  the  salt  solutions.  Well- 
varnished  wood  blocks  K Kj  were  used,  as  shown  in  Fig.  221,  and  upon  them 
were  placed  blotting-pads  which  had  been  thoroughly  soaked  in  the  albumen 
of  eggs.  Upon  these  the  animal’s  limb  was  laid,  and  so  every  contact  with  the 
salt  solution  avoided.  Before,  however,  the  experiment  commenced,  a third  layer 
of  blotting-paper  was  laid  across  the  two  pads  K and  K;^,  for  the  purpose  of 
neutralising  any  polarisation  that  might  exist  between  the  platinum  plates  in  the  . 
salt  solution.  When  this  has  been  done,  and  the  needle  points  to  zero,  the  muscle 
under  examination  is  placed  upon  p and  p^,  with  the  precautions  mentioned. 
A violent  deflection  of  the  needle  indicates  a current  which  becomes  considerably 


weaker  when  the  muscle  is  left  in  its  position.  If  now  the  muscle  be  removed, 
and  circuit  made  with  soaked  blotting-paper,  the  needle  shows  a deflection  in  the 
opposite  direction ; this  current  is  due  to  the  polarisation  of  the  platinum  plates 
by  the  muscle  current.  The  direction  of  the  muscle  current  depends  upon  the 
part  of  the  animal’s  limb  from  which  the  muscle  is  taken.  With  regard  to  the 
duration  of  the  muscle  current,  Matteucci’s  investigations  showed  that  the  current 
decreases  in  the  first  ten  minutes  after  the  separation  of  the  limb  from  the  body 
of  the  animal ; then  remains  more  or  less  steady  for  the  next  five  or  six  hours. 
A very  interesting  phenomenon  was  first  observed  by  Matteucci,  but  not  correctly 
explained,  in  what  are  called  secondary  motions.  Du  Bois-Reymond  showed 
that  these  depend  upon  the  effect  of  the  current  circulating  in  the  nerve  or 
muscle  when  at  rest.  They  may  be  shown  experimentally  as  follows  : Nerve  Nj 
(Fig.  222)  is  so  prepared  that  it  lies  exposed,  as  represented  in  the  figure,  while 
Ng  is  partly  exposed,  i and  ii  are  now  brought  together  in  such  a manner  that 
the  nerve  of  ii  touches  the  muscle  of  i at  two  different  places,  viz.  the  red 
muscle  flesh  at  f and  the  sinew  at  s.  In  this  position  the  nerve  piece  at  n forms 
a circuit  for  the  muscle  current  F s.  If  now  the  nerve  be  excited  in  any 
manner,  say  by  a sharp  cut,  not  only  will  the  muscle  F s move,  but  also  the  por- 
tion at  u,  although  u is  in  no  manner  anatomically  connected  with  n^.  The 
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explanation  of  the  phenomenon  is  as  follows  : ii  acts  as  a very  sensitive  electro- 
scope  to  measure  the  muscle  current  generated  by  f s,  but  the  current  decreases 
on  account  of  the  contraction  of  the  muscle.  This  alteration  of  the  current  was 
manifest  at  u p/  through  Ng.  When  the  nerve  N;^  is  placed  over  the  wire  ends  e Ej 
of  an  induction  coil  which  is  in  action,  nerve  Nj  is  not  affected  once  only  by  a cut, 
as  formerly,  but  moves  several  times  in  rapid  succession.  The  muscle  f s must 
have  become  permanently  contracted.  This  continued  contraction  resembles 
tetanus,  and  consequently  the  muscle  is  said  to  have  become  tetanised.  The  in- 
duced currents  here  follow  so  quickly  upon  each  other  that  the  muscle  has  no 
U'me  to  return  to  the  normal  position.  Every  motion  in  i causes  a motion  also 
in  II ; it  follows  that  tetanism  in  i causes  also  tetanism  in  ii.  If  a galvanometer 
be  substituted  for  ii,  it  may  be  proved  directly  that  the  secondary  motions  are 
due  to  a sudden  decrease  in  the  muscle  current.  Du  Bois-Reymond  also  proved 
that  the  contraction  of  muscles  produced  currents.  By  using  a sensitive  gal- 
vanometer, he  proved  that  the  sudden  contraction  of  the  muscles  of  the  arm 
produced  a current. 

Organisms  producing  Electrical  Discharges.— It  has  been  known 
for  centuries  that  certain  animals,  such  as  the  Raia  torpedo,  or  electric  ray,  and 
the  Gymnotus  electricus,  or  electric  eel,  are  capable  of  giving  powerful  electric 
shocks.  It  seems  that  the  Abyssinians  used  the  electric  eel  as  a remedy  for 
nervous  diseases.  The  torpedo,  or  electric  ray,  of  the  Arabians,  reaches  a length 
of  from  15  to  24  inches.  It  was  found  in  the  Nile  by  Forskal,  and  in  the 
Senegal  by  Adanson.  According  to  Boehm,  the  electrical  organ  of  the  ray  consists 
of  a thin  network  of  six  or  more  layers,  which  runs  along  between  the  skin  and 
muscles ; this  apparatus  is  fed  and  regulated  by  a nerve  consisting  of  many 
branches.  This  network  is  supposed  to  possess  healing  properties. 

From  a great  variety  of  experiments  on  this  fish,  Mr.  Todd  drew  the  following 
conclusions  : 

1.  That  the  electrical  discharge  is  a vital  action  dependent  on  the  life  of  the 
animal. 

2.  That  the  action  of  the  electrical  organs  is  entirely  voluntary. 

3.  That  frequent  action  of  them  is  injurious  to  its  life,  and,  if  continued, 
deprives  the  animal  of  it. 

4.  That  when  the  nerves  and  the  organs  are  cut,  the  torpedo  loses  the  power 
of  giving  a shock,  though  it  appears  more  vivacious,  and  lives  longer  than  those 
in  which  this  change  has  not  beeri  produced,  and  in  which  the  electrical  power 
is  exerted. 

5.  That  the  possession  of  one  organ  only  is  sufficient  to  produce  the  shock. 

6.  That  the  perfect  state  of  all  the  nerves  of  the  electrical  organs  is  not 
necessary  to  the  production  of  the  shock. 

7.  That  (as  was  shown  by  Dr.  Hunter)  a more  intimate  relation  exists 
between  the  nervous  system  and  electrical  organs  of  the  torpedo,  both  as  to 
structure  and  functions,  than  between  the  same  and  any  organs  of  any  kind  of 
animal  with  which  we  are  acquainted. 
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Dr.  Williamson,  of  Philadelphia,  thus  sums  up  the  results  of  his  observations 
upon  the  gymnotus. 

1.  When  the  gymnotus  is  touched  by  the  hand  a shock  is  felt  in  the  fingers, 
and  often  as  far  up  as  the  wrist  and  elbow ; and  when  it  is  touched  with  an  iron 
rod  twelve  inches  long,  the  shock  is  felt  in  the  finger  and  thumb. 

2.  If  the  eel  is  provoked  by  one  person,  the  hand  of  another  person  held  in 
the  water  will  experience  a shock. 

3.  When  the  eel  was  touched  and  provoked  with  one  hand,  and  the  other 

held  in  the  water  at  a small  distance,  a shock  passed  through  both  arms ; and 
the  same  effect  was  produced  when  the  hand  held  a wet  stick  in  the  water;  and 
when  the  same  experiment  was  made  by  eight  or  ten  persons  who  joined  hands 
a shock  was  also  experienced.  ^ 

4.  When  the  first  of  eight  persons  pinched  the  tail  while  the  last  touched  the 
head,  they  all  experienced  a severe  shock. 

5.  The  shock  of  the  eel  was  found  to  pass  through  those  substances  which 
are  conductors,  and  to  be  stopped,  by  those  which  are  non-conductors,  of 
electricity. 

6.  An  insulated  person  electrified  exhibited  no  marks  of  electricity,  and  pith- 
balls  refused  to  diverge  either  when  suspended  over  the  eel’s  back  or  touched 
by  an  insulated  person  when  he  received  the  shock. 

7.  Dr.  Williamson  succeeded  in  making  the  electricity  of  the  eel  pass  through 
a small  air-gap,  and  exhibit  the  electric  spark  when  the  fish  was  in  the  open 
air.  But  the  spark  is  not  visible  when  the  fish  is  placed  in  water. 

The  method  of  fishing  for  the  electric  eels  by  horses,  as  described  by 
Humboldt,  is  most  interesting.  The  Indians  forced  thirty  horses  to  enter  a 
pool  of  muddy  water  surrounded  with  fir  trees.  “The  extraordinary  noise 
caused  by  the  horses’  hoofs  makes  the  fish  issue  from  the  mud,  and  excites  them 
to  combat.  These  yellowish  and  livid  eels,  resembling  large  aquatic  serpents, 
swim  on  the  surface  of  the  water,  and  crowd  under  the  bellies  of  the  horses  and 
mules.  A contest  between  animals  of  so  different  an  organisation  is  a striking 
spectacle.  The  eel  presses  itself  against  the  belly  of  the  horse,  and  makes  a 
discharge  along  the  whole  extent  of  its  electrical  organ.  The  horses  were 
stunned,  and  two  were  drowned  from  their  inability  to  rise.  The  wearied 
gymnoti  at  last  dispersed,  and  were  easily  harpooned  by  the  Indians.” 

More  powerful  shocks  are  given  by  the  electrical  or  Surinam  eel,  described 
first  by  A.  Humboldt  and  then  by  Sachs.  The  electrical  eel  attains  a length  of 
two  yards  or  more,  and  weighs  from  30  to  50  lbs.  The  skin  of  the  animal  (at 
the  upper  side  olive  green,  lower  side  orange  red)  is  continually  coated  with  a 
slime,  which,  as  Volta  says,  conducts  electricity  twenty  to  thirty  times  better 
than  water.  About  four-fifths  of  the  whole  body,  says  Boehm,  is  taken  up  by 
the  electric  organs,  four  in  number ; they  consist  of  a yellow-reddish  gelatinous 
matter  arranged  in  bundles,  which  again  consist  of  horizontally  placed  plates, 
divided  by  longitudinal  skins  into  cells. 

Balon  touched  an  electric  eel  carelessly  without  feeling  anything ; but  when 
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he  placed  his  finger  on  the  back,  he  felt  little  shocks.  The  same  fish  fell 
accidentally  to  the  ground,  and  as  none  of  the  negroes  were  inclined  to 
touch  the  eel,  Balon  himself  caught  hold  of  its  tail ; he  then  received  a shock 
so  violent  as  almost  to  throw  him  to  the  ground.  He  felt  very  strange 

sensations  in  the  head  for  a considerable 
time  after. 

The  electrical  ray  has  been  examined 
by  Redi,  Reamur,  Bancroft,  Humboldt, 
Geoffroy,  and  others.  The  electric  organ 
lies  between  head,  gills,  and  breast  fins,  as 
shown  in  Fig.  211.  It  consists  of  cells 
arranged  similarly  to  those  of  the  honey- 
combs of  bees ; these  cells  are  separated 
from  each  other  by  fine  layers  of  skin,  and 
are  animated  by  a system  of  nerves.  The 
effect  of  the  shocks  is  less  powerful  than 
those  of  an  electric  eel,  but  still  is  painful. 
The  effects  are  more  powerful  under  water, 
and  the  greater  the  extent  of  surface 
touched.  The  animal  is  capable  of  giving 
shocks  at  pleasure,  and  will  give  a series 
of  shocks  when  irritated.  The  largest  variety 
met  with  is  as  much  as  four  feet  long,  and 
weighing  60  or  70  lbs. 

With  regard  to  the  effects  of  the  elec- 
trical organs  in  the  three  fishes,  two  theories 
are  advanced.  Du  Bois-Reymond  considers 
the  electric  organ  an  apparatus  similar  to 
a galvanic  battery,  and  thinks  the  nerves  running  along  it  influence  the  apparatus 
only  indirectly,  their  function  being  to  communicate  the  will  of  the  animal. 
The  generation  of  the  electrical  currents  is  supposed  to  take  place  in  the  organ 
itself  like  the  muscle  current  in  the  muscle.  The  French  physicist,  Ranvier, 
thinks  the  electric  organ  only  a secondary  apparatus,  resembling  our  secondary' 
batteries ; electrical  currents  are  supposed  to  be  generated  in  the  brain,  and 
then  to  flow  over  to  the  apparatus,  where  they  cause  chemical  action.  This 
charging  operation  is  executed  when  the  animal  is  at  rest.  If  now  it  wishes 
to  give  a shock,  by  means  of  the  nerve  system  it  arranges  in  series  the  secondary 
elements  which  have  been  during  rest  in  parallel,  and  thus  causes  discharge. 


Fig.223. — The  Electric  Ray  or  Torpedo. 
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It  will  be  an  assistance  to  the  reader  if  we  here  collect  the  laws  previously  explained, 
and  state  additional  facts  with  regard  to  measurements  which  will  be  made  use  of  in 
the  subsequent  portion  of  the  work. 

The  laws  of  electricity  have  been  made  to  furnish  a connected  system  of  units 
depending  on  the  units  of  length,  mass,  and  time.  Such  units  are  said  to  be  derived 
from  the  fundamental  units. 

Suppose,  for  instance,  that  we  use  the  English  system  based  on  the  foot,  pound, 
and  second.  ' 

The  foot  and  the  second  give  us  the  units  of  velocity  and  acceleration.  A velocity 
whose  measure  is  i,  is  i ft.  per  second ; and  an  acceleration  whose  measure  is  i,  is  a 
gain  of  velocity  equal  to  i ft.  per  second  in  a second. 

Forces  are  measured  by  the  velocity  they  generate  per  second  in  the  unit  of 
mass.  A force  whose  measure  is  i,  is  therefore  a force  that  generates  in  i lb.  of  mass 
a velocity  of  i ft.  per  second  in  a second.  What  is  the  magnitude  of  such  a force  ? 
We  may  answer  the  question  by  the  following  consideration  : The  acceleration  of  a 
falling  body  is  about  32‘2  feet  in  a second.  Hence  the  weight  of  a pound  when 
acting  on  the  mass  of  a pound  would  give  the  mass  a velocity  of  32‘2  ft.  per  second  in 
a second.  The  measure  of  such  a force  is  therefore  32^2.  It  contains,  therefore,  32*2 
units  of  force.  Hence  the  unit  of  force  is  ^2  -2  weight  of  a pound  (a  little  less 

than  the  weight  of  half  an  ounce). 

If  we  use  the  French  decimal  system,  the  units  of  length  and  mass  are  the  centi- 
metre and  gramme.  The  acceleration  produced  by  gravity  at  Paris  is  981  centimetres 
per  second  in  a second.  The  weight  of  a gramme  gives  to  the  mass  of  a g^ramme 
a velocity  of  981  centimetres  per  second  in  a second.  Hence  in  this  system  the 
measure  of  the  weight  is  981  units  of  force.  The  unit  of  force  is  therefore  of  the 
weight  of  a gramme.  This  unit  of  force  is  that  used  in  scientific  investigations,  and 
has  therefore  received  a name  of  its  own.  It  is  called  a dj/ne.  There  are  981 
dynes  in  the  weight  of  a gramme,  and  as  one  pound  is  453'593  grammes,  there  are 
453’593  X 981.  or  444,975  dynes  in  the  weight  of  a pound.  It  is  frequently  con- 
venient to  use  the  weight  of  a pound  as  a unit  of  force,  and  to  distinguish  such 
units  as  are  adopted  for  practical  purposes  from  the  units  found  by  a consideration 
of  the  scientific  relationships  ; we  call  the  former  practical  units,  and  the  latter 
aisolute  units.  The  characteristic  of  the  absolute  units  is  that  they  are  readily 
erivable  from  the  three  fundamental  units.  The  system  of  absolute  units  is  there- 
ore  one  that  is  independent  of  all  other  arbitrary  quantities  excepting  the  three 
fundamental  units  of  time,  length,  and  mass.  An  absolute  system,  in  which  the  centi- 

metre,  gramme,  and  second  are  the  fundamental  units,  is  generally  described  as  the 
C.  G.  S.  system. 
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Work. — The  work  done  in  overcoming  a resistance  equal  to  the  weight  of  a pound 
through  a distance  of  one  foot  is  a practical  unit  of  work  called  a foot-pound.  A force 
of  a dyne  acting  through  the  distance  of  a centimetre  is  the  absolute  unit  of  work 
called  an  erg. 

A horse-power  is  a rate  of  working,  being  33,000  foot-pounds  a minute  = 55° 
pounds  per  second=7,46o  million  ergs  per  second,  or  76  kilogramme-metres  per 
second.  The  absolute  unit  of  rate  of  working  is  the  watt,  which  is  ten  million  ergs 
per  second. 

Hence  one  horse-power  = 746  watts. 

Magnetic  Units.— We  will  next  proceed  to  define  two  units  used  in  magnetic 
measurements,  namely,  those  of  a magnetic  pole  and  a magnetic  field. 

{a)  Definition  of  Strength  of  Pole. — The  strengths  of  two  magnetic  poles  are 
proportional  to  the  forces  with  which  they  will  repel  a given  pole  placed  in  succession 
at  the  same  distance  from  them. 

Like  poles  repel,  unlike  poles  attract,  and  the  force  exerted  between  two  magnetic 
poles  varies  inversely  as  the  square  of  their  distance.  Hence  if  F be  the  force  and 
7«i  W2  the  measures  of  the  strengths  of  two  poles  in  terms  of  any  unit,  and  if  dbe  the 
distance  between  the  poles,  then  the  simplest  expression  of  the  above  law  iS' 

^ ^ 

If  7/  be  a centimetre,  and  the  force  exerted  be  one  dyne,  and  if  in  addition  Wj  and 

are  equal  to  one  another,  then  each  pole  will  be  one  of  unit  strength  in  the 
absolute  or  C.  G.  S.  system.  In  other  words,  that  magnetic  pole  is  of  unit  strength 
that  repels  a pole  of  equal  strength  placed  at  a distance  of  one  centimetre  with  a force 
of  one  dyne. 

(d)  Definitiott  of  Magnetic  Field. — The  influence  of  any  magnet  extends  all  round 
it,  so  that  if  at  any  point  the  pole  of  a smaller  magnet  were  placed,  it  would  experience 
a force  varying  with  its  distance  from  the  larger  magnet.  The  fact  that  the  magnetic 
influence  pervades  a space  is  expressed  by  saying  that  the  space  is  a magnetic  field, 
the  strength  of  the  force  that  would  be  exerted  on  a unit  pole  at  any  point  being 
called  the  intensity  of  the  field.  Hence  the  intensity  of  the  field  at  any  point  is 
measured  by  the  force  with  which  it  acts  on  a unit  magnetic  pole  placed  at  that  point 
In  absolute  measure,  therefore,  the  unit  of  intensity  is  that  at  which  a unit  pole  is  acted 
on  by  the  force  of  a dyne.  If  F be  the  force  acting  on  a pole  of  p units,  where  the 
intensity  of  the  field  is  H,  then 

F = H. 

Systems  of  Electric  Units.— There  are  two  routes  by  which  we  may  establish 
a system  of  electric  units,  the  starting  point  of  the  first  being  the  law  of  attraction  o 
two  small  spheres  cflillrged  with  electricity,  and  that  of  the  second  being  the  law  of 
attraction  between  two  magnetic  poles.  The  first  course  gives  a series  of  units  ca  e 
the  electrostatic  system,  the  second  leads  to  a series  called  electro-magnetic  system. 

The  Electro-static  System  of  Units-— The  order  m which  the  units  are 
determined  in  this  system  is  as  follows  : (a)  Quantity,  {b)  current,  {c)  difference  o 

potential,  [d)  resistance,  {e)  capacity.  _ j j 

(a)  If  and  ^2  be  two  quantities  of  electricity  measured  in  terms  of  any  unit,  and 
be  the  distance  between  them,  the  force  F with  which  they  attract  or  repel  each  other  is 

proportional  to  and  the  simplest  expression  of  the  law  is  F = 
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Hence,  by  making  F = r,  //=  i,  and  we  see  that  a unit  of  quantity  is  that 

quantity  of  electricity  which  when  placed  at  a distance  of  a centimetre  from  an  equal 
quantity  of  like  kind  repels  it  with  a force  of  one  dyne. 

{b)  When  a quantity  of  electricity.  Q is  discharged  at  a uniform  rate  along  a wire, 
the  quantity  that  flows  per  second  is  termed  the  strength  of  the  current.  Hence  if  C 
be  the  strength  of  current  when  a quantity  Q flows  in  t seconds, 

Q = c /. 

Hence  the  unit  of  quantity  gives  us  a unit  current  as  the  current  which  discharges 
a unit  of  quantity  in  a second. 

{c)  By  means  of  the  analogy  between  a difference  of  level  and  a difference  of 
potential,  we  illustrated  the  fact  that  if  C be  the  weight  of  a quantity  of  water,  and  E 
the  height  from  which  it  falls,  then  the  . work  that  may  be  done  by  this  quantity  is 
measured  by  the  product  C E ; and  similarly  if  C be  a quantity  of  electricity  flowing  in 
a second  between  points  having  a difference  of  potential  E,  and  if  w be  the  work  done 
by  the  current  between  these  points  in  a second, 

w = c E. 

If  we  make  w = i and  C=i,  this  gives  us  the  unit  difference  of  potential. 
Hence  there  is  a unit  P.  D.  between  two  points  when  one  erg  of  work  is  required  to 
convey  a unit  of  electricity  from  one  point  to  the  other.  1 

(d)  Ohm’s  law  connects  current,  difference  of  potential,  and  resistance ; hence  with 
6 and  c it  gives  the  unit  of  resistance  as  that  through  which  a unit  P.  d.  produces  a 
unit  current. 

[e)  Similarly  that  conductor  has  a unit  of  capacity  which  is  raised  through  a unit 
P.  D. by  a charge  of  one  unit  of  quantity. 

Electro-magnetic  System  of  Units.— The  order  in  which  the  units  are 
determined  in  this  system  is  as -follows  : (a)  Unit  pole,  (l>)  current,  (c)  quantity, 
(d)  electromotive  force,  (e)  resistance,  {/)  capacity. 

(a)  We  have  already  defined  the  unit  pole.  The  theory  of  the  tangent  gal- 
vanometer supples  us  with  the  next  step. 

(<5)  If  two  magnetic  poles  act  on  each  other  at  a distance  d,‘a.n6.  if  F be  the 
force  exerted  between  them,  then  we  have  seen  that 

F = 

d^ 

If  now  one  of  these  poles,  instead  of  being  acted  on  by  another  magnet,  is  acted 
on  by  a current  c passing  through  a portion  of  a circuit  in  the  arc  of  a circle  of  radius 
</,  the  pole  being  in  the  centre,  the  force  is  still  represented  by  the  equation 

p _ A A . 



but/Jj  in  this  case  is  a quantity  varying  with  the  current,  and  also  with  the  length  of 
the  circuit  in  the  circle.  If  the  length  of  this  arc  be  a, 

then  F = or  c = Ml 

d^'  pi  a 

When  we  have  determined  the  unit  pole  and  the  dyne  or  unit  force,  we  can  make 
CSC  quantity  in  this  equation  unity,  and  hence  obtain  the  unit  current.  Hence  a 
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current  has  unit  strength  when  one  centimetre  of  its  circuit  bent  into  an  arc  of  one 
centimetre  radius  exerts  a force  of  a dyne  on  a unit  magnetic  pole  placed  at 
the  centre. 

(c)  The  unit  of  quantity  is,  then,  that  quantity  which  is  conveyed  by  unit  current  in 
a second. 

(d)  The  unit  difference  of  potential,  or  the  unit  electromotive  force,  is  now  obtained 
by  the  consideration  of  the  work  w done  per  second  in  consequence  of  the  flow  of  a 
current  c between  two  points  whose  P.  D.  is  E. 

w = c E. 

Hence  a unit  P.D.or  unit  E.  M.  F.  exists  between  two  points  when  the  flow  of  a unit 
current  between  these  points  produces  a unit  of  work  or  energy  in  a second.  By 
inverting  this  definition,  and  considering  the  current  as  produced  at  the  expense  of 
energy,  we  may  take  the  statement  thus  : A unit  p.  d.  exists  between  two  points  when 
the  expenditure  of  an  erg  of  work  a second  produces  a unit  current  or  conveys  a unit 
of  positive  electricity  from  one  point  to  the  other. 

(if)  By  next  considering  Ohm’s  law,  we  have  the  unit  of  resistance.  Since  C = — , 

R. 

we  see  that  the  unit  of  resistance  is  that  of  a conductor  in  which  a unit  electromotive 
force  between  the  ends  causes  in  it  a unit  current. 

We  may  transpose  the  last  two  steps  thus  : for  t seconds 

w = c*  R t. 

Hence  the  unit  of  resistance  is  that  of  a conductor  in  which  a unit  current  generates 
a unit  of  energy  (or  does  a unit  of  work)  in  a second  of  time. 

Since  c = — , the  unit  of  electromotive  force  is  that  which  produces  a unit  cur- 
R 

rent  in  a conductor  of  unit  resistance. 

It  must  be  borne  in  mind  that  there  is  a wide  difference  between  the  units  of  the 
two  systems.  For  instance,  the  capacity  of  a sphere  which  would  have  the  distance 
of  the  earth  from  the  sun  would  be  but  one-millionth  part  of  the  electro-magnetic  unit, 
whereas  the  capacity  of  an  orange  would  be  more  than  four  times  the  electro- 
statical  unit,  but  the  unit  of  resistance  in  the  first  system  is  as  many  millions  of  times 
smaller  than  that  of  the  second  system,  as  the  unit  of  capacity  of  the  first  is  larger 
than  that  of  the  second.  This  difference  arises  from  the  fact  that  in  deriving  the 
unit  of  quantity  in  the  electrostatic  system  the  specific  inductive  capacity  of  the 
medium  was  neglected,  and  in  deriving  the  unit  pole  in  the  electro-magnetic  system  the 
magnetic  permeability  of  the  medium  was  neglected.  Both  systems  are  therefore 
fundamentally  incomplete. 

The  practical  units  based  on'  the  electro-magnetic  system  have  been  so  chosen 
that  the  fundamental  laws  may  hold  with  regard  to  them  as  they  do  with  regard  to  the 
absolute  units.  For  example  : 

A coulomb  is  the  quantity  conveyed  by  a current  of  one  ampere  in  a second. 


Appendix  to  Part  I. 


231 


The  coulomb  charges  a body  having  a capacity  of  one  farad  to  a potential  of 
one  volt. 

A volt  is  the  E.  M.  F.  which  maintains  a current  of  one  ampere  through  a resist- 
ance of  an  ohm. 

The  relation  of  the  practical  units  is  further  shown  by  the  following  table  : 


TABLE  OF  PRACTICAL  UNITS. — ELECTRO-MAGNETIC  MEASURE. 


'0 

Value. 

No. 

Unit. 

Name. 

Relation  to  other  Units. 

Derivation. 

C/3 

C.G.S. 

Equivalents. 

From  Unit 

•0000105  gramme  of 
hydrogen  liberated 
per  second. 

2 

Current 

Quantity 

C 

Q 

Ampere 

Coulomb 

Volt  ohm 
Ampere  x second 

pole  and 
Tang.  Galv. 
From  I. 

io~i 

lo-i 

3 

E.  M.  F. 

E 

Volt 

Ampere  X ohm 

From  Unit 
of  Work 
and  I. 
From  I & 3, 
by  Ohm’s 
Law. 

lO® 

■926  standard  Daniell 
cell. 

106  cm.  mercury,  i sq. 
mm.  section  at  0°  cent. 

4 

Resistance 

R 

Ohm 

Volt  — ampere 

iqo 

5 

Capacity 

K 

Farad 

Coulomb  -r  volt 

From  2 & 3. 

10-® 

• 

6 

» 

Microfarad 

I millionth  farad 

5 

10-15 

2'5  knots  of  D.U.S. 
cable. 

7 

Power 

n p 

Watt 

Volt  X ampere 



10^ 

•0013405  on^-I-a  horse- 

8 

Work) 

w 

fVolt  X coulomb 



power. 
7373  foot-lb. 

Joule 

, 

•238  calorie,  or  "238  of 

9 

Heat  ' 

( Amp.^  X sec.  X ohm 

— 

}> 

the  heat  required  to 
raise  a gramme  of  water 

1 

i"  centigrade. 

Connection  of  Heat  and.  Electricity. — Work  and  heat  are  connected  by  a 
multiplier,  called  Joule’s  equivalent  of  heat.  It  has  been  proved  by  experiment  that  if 
work  be  measured  in  foot-pounds,  and  heat  in  terms  of  a unit  which  is  the  amount  of 
heat  required  to  raise  the  temperature  of  i lb.  of  water  \°  F.,  then  the  work  w and 
the  heat  H,  which  is  equivalent  to  it,  are  connected. 

w = 772  K 
or  w = j H. 

The  number  represented  by  j will  differ  with  every  change  of  unit.  If  the  work  be  in 
ergs,  and  heat  in  units,  each  of  which  would  raise  the  temperature  of  i gramme  of 
water  1°  C.  (gramme-centigrade  units),  then 

J = 42  X io«. 

A current  c through  a resistance  R for  t seconds  does  work  w such  that 

W ~~  R t 

If  the  work  be  changed  to  heat  H, 

w = J H =c2  R t. 

Hence  h = r / ^ (42  x io«)  [in  absolute  units] 

~ R)  ^ -4-  (42  X 108)  [in practical  units] 

= (c^  amperes)  (r  ohms)  t (secs.)  -4-  4-2. 
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Hence  a current  of  one  ampere  through  one  ohm  generates  (z=  -24)  heat  units  a 
second. 

lUunmiating  Power.— The  experiments  connected  with  electric 
lighting  have  associated  units  of  work,  electricity,  and  light.  A practical  unit  of  light 
has  been  introduced,  and  called  a candle-power^  which  is  the  amount  of  light  given  by 
a sperm  candle  weighing  one-sixth  of  a pound,  and  burning  one  hundred  and  twenty 
grains  an  hour. 

The  French  unit  of  light,  or  Bec-Carcel,  is  the  light  of  a Carcel  lamp  burning 
42  grammes  of  pure  colza  oil  per  hour,  with  a flame  40  mm.  high.  It  is  9-5  British 
standard  candles,  and  is  7-6  of  the  unit  candles  used  by  the  Germans.  The  Congress 
suggested  as  the  unit  of  light  that  which  is  emitted  by  a square  centimetre  of  molten 
platinum,  but  there  are  almost  insuperable  difficulties  in  the  way  of  obtaining 
such  a unit. 

CONVERSION  TABLE  OF  FRENCH  AND  ENGLISH  MEASURES. 

One  metre  = 3‘28  ft.  = 3 ft.  3^  in.  = 40  inches  nearly. 

One  centimetre  ('oi  metre)  = '4  inches  nearly. 

One  inch  is  about  2\  centimetres  (exactly  2'54). 

. One  yard  is of  a metre,  or  ii  metres  are  equal  to  12  yards. 

To  convert  metres  or  parts  of  metres  into  yards,  add 

To  convert  metres  into  inches,  multiply  by  40. 

To  convert  inches  into  metres,  divide  by  40. 

One  litre  is  about  i|  pint  (it  is  0-57  per  cent.  more). 

One  gallon  contains  above  4 ^ litres  (it  holds  about  i percent,  more). 

» One  kilolitre  (a  cubic  metre)  holds  nearly  a ton  of  water  at  62°  Fahr. 

One  kilogramme  is  about  2I  lbs.  (about  i per  cent.  more). 

One  thousand  kilogrammes,  or  a metric  ton,  is  nearly  one  English  ton  (about  i J 
per  cent.  less). 

One  hundredweight  is  nearly  51  kilogrammes  (f  per  cent.  less). 

One  kilogrammetre  is  7^233  foot-pounds. 

One  foot-pound  = T38  kilogrammetre. 
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DIVISION  I. 

GENERATION  AND  CONDUCTION  OF  ELECTRICITY. 


HISTORY  OF  ELECTRIC  MACHINES. 

The  First  Magneto-Electric  Machine.— The  discovery  of  induction 
by  Faraday,  in  1831,  gave  rise  to  the  construction  of  magneto-electro  machines. 
The  first  of  such  machines  that  was  ever  made  was  probably  a machine  that 
never  came  into  practical  use,  the  description  of  which  was  given  in  a letter 
signed  “P.M.,”  and  directed  to  Faraday,  published  in  the  Rhilosophica/ Mamzzne 
of  2nd  August,  1832.  We  learn  from  this  description  that  the  essential  parts  of 
this  machine  were  six  horse-shoe  magnets  attached  to  a disc,  which  rotated  in 
front  of  six  coils  of  wire  wound  on  bobbins. 

• Machine.— Pixii,  3rd  September,  1832,  constructed  a machine,  the 

pnnciple  of  which  will  be  understood  from  Fig.  224.  n s is  a powerful  steel  magnet 
made  to  rotate  under  the  fixed  soft  iron  cores  ' 

® The  rotation  of  s n causes  currents  to 
be  induced  that  change  twice  in  each  com- 
plete revolution,  viz.,  when  s is  opposite  d, 
and  N opposite  a,  and  when  s is  opposite  a, 
and  N opposite  l>. 

We  may  trace  the  effect  produced  in  three 
ways : (i)  We  may  apply  Ampere’s  rule  for 
magnetic  currents  and  their  attractions;  (2) 
we  may  apply  Lenz’s  law  simply;  (3)  we 
may  use  Maxwell’s  rule.  Let  us  trace  the 
effect  produced  when  s approaches  d,  and  n 
approaches  a,  by  the  first  of  these  methods. 

The  mass  of  soft  iron  ab  becomes'  magnet- 
ised by  induction  as  s n approaches  it,  so 
that  its  north  pole  is  nearest  s,  and  south  pole 
Clearest  n.  The  effect  is  therefore  the  same  r- 
as  would  arise  on  the  sudden  introduction  of  ^ 
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a magnet  into  the  coil  surrounding  a b.  The  sudden  appearance  of  this  magnet 
in  the  coil  would,  as  we  have  seen,  induce  a current  in  the  wire  forming  the  coil. 

The  directions  of  the  induced  currents  are  shown  in  the  figure  by  arrows.  In 
s and  b,  as  s approaches  b,  the  magnetic  current  is  anti-clockwise ; in  the  coil  p 
surrounding  b the  electric  current  is  therefore  clockwise.  But  as  s approaches  b 
on  the  one  side,  the  north  pole  of  the  magnet  also  approaches  a on  the  other 
side.  The  magnetic  currents  in  the  magnet  n flow  clockwise,  hence  the  induced 
magnetic  currents  in  the  core  a flow  clockwise,  and  the  induced  electric  current 
in  the  electric  coil  p'  circulates  against  the  hands  of  a clock.  If  the  currents 
be  followed  through  the  turns  of  the  coil  p p\  we  find  that  in  consequence 
of  the  mode  of  winding  it  does  not  change  its  direction  at  all : although  at  p it 
flows  with  the  hands,  and  at  p'  against  the  hands,  of  a watch.  As  the  magnet 
continues  to  move,  s leaves  b and  approaches  a,  while  n leaves  a and  approaches 
b.  If  we  now  follow  the  directions  of  the  currents,  we  find  that  they  flow  in 
exactly  opposite  directions  to  those  in  which  they  flow  during  the  first  half-turn 
of  the  magnet it  follows  that  the  directions  of  the  induced  currents  must  change 
twice  in  the  coil  for  every  revolution  of  the  magnet. 

The  result  is  in  accordance  with  Lenz’s  law  : that  is  to  say,  the  induced  cur- 
rents in  the  coil  are  such  as  will  resist  the  motion.  As  s approaches  a,  then,  the 
pole  of  the  coil  at  a must  repel  s,  and  must  therefore  be  a similar  pole  to  s ; 
but  as  s leaves  «,  the  pole  of  the  coil  at  a must  attract  s to  resist  the  motion, 
and  must  therefore  be  a dissimilar  pole.  This  gives  in  a currents  clockwise  as  s 
approaches,  anti-clockwise  as  s recedes. 

Pixii’s  Commutator. — As  the  continued  alterations  in  the  direction  of 

the  currents  might  be  inconvenient  for  many 
purposes,  Pixii  added  a commutator  to  this 
machine,  which  causes  the  currents  in  the  outer 
circuit  to  flow  in  one  and  the  same  direction. 
Fig.  225  represents  the  commutator  in  plan.  The 
axis  of  rotation  of  the  horse-shoe  magnet  carries 
a cylinder  made  of  insulating  material  fitting  into 
a hollow  cylinder  of  metal,  irregularly  divided  by 
an  insulating  layer  into  two  parts  Mj^and  Mo.  Two 
metal  springs  and  Fg  conduct  the  induced  cur- 
rents of  the  coil  s into  the  commutator.  Two 
other  springs  and  /g  conduct  the  currents  from 
the  commutator  into  the  outer  circuit.  During 
rotation  the  four  springs  slide  along  the  surface 
of  the  cylinder.  We  may  observe  that  Fj  and 
Fo  slide  over  the  same  portion  of  the  cylinder, 
whilst  /i  and  /g  have  to  pass  over  the  insulating 
strips.  If  the  springs  are  properly  adjusted  they 
will  pass  the  insulating  layer — that  is,  will  change 
metals — exactly  at  the  instant  when  the  direction  of  the  current  changes  in  the 


Fig.  225. — Pixii’s  Commutator. 
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coil.  We  have  seen  that  the  direction  of  the  currents  changes  twice  for  every 
complete  revolution  of  the  horse-shoe  magnet.  The  springs  f-^  and  /g  will  there- 
fore for  every  revolution  of  the  cylinder  pass  the  insulating  layer  twice.  The 
springs  /g  will  slide  from  one  portion  of  the  metal  cylinder  to  the  other  at 
the  instant  when  the  change  of  direction  in  the  currents  takes  place.  The 


Fig.  226.-Pixii’s  Machine.  Fig.  227.— Clarke’s  Machine, 


result  of  this  double  change  at  the  same  instant  is  a uniform  direction  of  the 
currents  in  the  circuit  s. 

Fig.  226  shows  how  the  different  parts  of  the  machine  constructed  by  Pixii 
were  arranged.  The  great  drawback  to  the  usefulness  of  this  machine  was, 
that  the  heavy  iron  matter  of  the  magnet  had  to  be  made  to  rotate,  which  must 
have  caused  considerable  difficulty  with  machines  of  great  dimensions. 

Ritchie  s,  Clarke’s,  and  Siemens’  Improvements. — Almost  at 
t e same  time,  Ritchie,  Saxton,  and  Clarke  constructed  similar  machines. 
Clarke’s  is  the  best  known,  and  is  still  popular  in  the  small  and  portable 
medical”  machines  so  commonly  sold.  Its  construction  is  as  in  Fig.  227. 
In  front  of  a powerful  horse-shoe  magnet  a b,  there  are  two  bobbins  t and 
of  insulated  wire.  These  two  bobbins  have  soft  iron  cores,  connected  by  a 
so  t iron  cross  piece  so  as  to  form  a horse-shoe  magnet,  which  rotates  round 
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a horizontal  axis/,  being  driven  by  the  pulley  behind  the  magnet  a b.  The 
two  coils  of  wire  are  continuous,  so  that  a single  current  may  flow  round  both ; 
but  they  are  so  joined  that  the  current  flows  in  a right-handed  direction  round 
one,  and  in  a left-handed  direction  round  the  other.  While  two  ends  of  the 
wire  on  t and  t'  are  directly  joined,  the  two  other  ends  are  connected  through  a 
set  of  springs  rubbing  on  suitable  contact  pieces  on  the  axis  / with  two  fixed 
terminals,  and  the  circuit  is  not  complete  till  these  are  joined.  We  will  suppose 
this  to  be  done.  As  the  coils  rotate,  each  soft  iron  core  is  successively  magnetised 
in  opposite  directions  ; thus  coil  /,  when  opposite  a north  pole,  has  its  south  pole 
near  the  magnet  and  its  north  pole  at  the  back,  and  this  arrangement  of  the  mag- 
netism is  reversed  when  t is  opposite  the  south  pole ; thus,  in  every  revolution  a 
magnet  is,  as  it  were,  introduced  into  /,  withdrawn,  replaced  with  its  poles  in  the 
opposite  direction,  and  again  withdrawn.  The  withdrawal  of  a magnet  having  its 
north  pole  at  one  end  of  /,  and  the  introduction  of  a magnet  having  its  south  pole 
at  the  same  end,  both  tend  to  induce  a current  in  one  direction ; but  the  with- 
drawal of  this  second  magnet,  and  the  introduction  of  the  reversed  magnet, 
induce  a current  in  the  opposite  direction.  Thus  from  the  instant  the  coil  t 
begins  to  leave  the  south  pole,  to  that  instant  at  which  it  arrives  opposite  the 
north  pole,  a current  in  one  and  the  same  direction  is  being  induced ; but  as 
soon  as  t begins  to  leave  the  north  pole  and  return  to  the  south  pole,  the 
direction  of  the  current  is  reversed,  and  continues  reversed  until  opposite  the 
south  pole.  Thus  two  equal  and  opposite  currents  are  induced  in  t during 
each  revolution.  The  same  statements  hold  good  of  but  when  the  current 
induced  in  t is  right-handed,  that  in  t'  will  be  left-handed.  When  the  coils  are 
joined  as  described,  the  two  currents  are  added  to  one  another.  Without 
special  provision  the  currents  would  be  reversed  between  the  terminals  at  every 
half-revolution ; but  the  commutator  on  the  axis  / already  described,  arranges 
that  although  the  currents  must  necessarily  be  reversed  in  the  coils,  they  shall 
flow  always  in  one  direction  between  the  terminals.  The  currents  between  the 
terminals  must,  however,  rise  to  a maximum  and  decrease  to  a minimum  once 
during  each  half-revolution.  The  maximum  currents  occur  at  those  points 
where  the  armature  (as  the  soft  iron  continuous  core  is  termed)  resists  the 
motion  most  strongly.  At  these  points  the  greatest  change  of  magnetism  is 
taking  place  in  the  armature. 

The  motion  of  the  coils  alone,  without  a core,  would  give  rise  to  similar 
currents,  as  explained  in  the  earlier  pages  of  this  work.  But  these  currents 
would  be  much  weaker  than  when  iron  cores  are  employed. 

Fig.  228  represents  a larger  machine,  constructed  by  Stohrer  (1843),  on 
the  same  plan  as  Clarke’s,  but  with  six  coils  instead  of  two,  and  three  com- 
pound magnets  instead  of  one.  The  six  coils  rotate  very  quickly  imme- 
diately over  the  -poles  of  the  very  powerful  compound  permanent  magnets. 
The  wire  on  the  bobbins  is  so  arranged  that  when  the  coils  approach  the 
magnets  currents  in  one  direction  are  generated,  and  when  the  coils  move  away 
from  the  magnets  currents  in  the  other  direction  are  generated,  so  that  the 
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sum  of  the  currents  produced  by  approaching  the  magnetic  pole?  flows  in 
opposite  direction  to  the  sum  of  the  currents  produced  by  receding  from  the 
magnetic  poles.  By  using 
the  commutator  abed  the 
two  series  of  currents  are 
made  to  flow  in  the  same  di- 
rection at  <?/.  The  machines 
constructed  by  Nollet  ( 1 849) 
and  Shephard  (1856)  had 
still  more  magnets  and 
coils.  Shephard’s  machine 
was  modified  by  Van  Mal- 
deren,  and  was  called  the 
Alliance  machine  (see  p. 

244). 

Dr.  Werner  Siemens, 
while  considering  how  the 
inducing  effect  of  the  mag- 
net can  be  most  thoroughly 
utilised,  and  how  to  ar-  Fig.  228.— Stohrer’s  Machine, 

range  the  coils  in  the  most 

efficient  manner  for  this  purpose,  was  led  in  1857  to  devise  the  cylindrical 
armature.  By  this  arrangement  the  coils  are  made  to  revolve  in  the  most 

powerful  part  of  the  magnetic 
field.  In  its  simplest  form 
Siemens’  armature  consists  ol 
an  iron  cylinder  which  is  cut 
(as  shown  in  Fig.  229  ; a) 
so  that  its  cross  section  is  of 
the  form  j.  Covered  copper 
wire  is  wound  longitudinally 
round  the  cylinder  thus  pre- 
pared (Fig.  229  ; b).  The 
horse-shoe  magnets  are  placed 
parallel  to  each  other,  and  cut 
out  at  their  poles  n s,  so  that 
the  cylindrical  armature  may 
move  in  the  hollow  space  (Fig. 
229;  f).  By  this  arrangement 
the  coils  are  exposed  to  the 
most  powerful  magnetic  effect, 
and,  to  use  the  language  of  Faraday,  they  cut  the  greatest  number  of  lines  ol 
force  in  the  most  ppwerful  part  of  the  magnetic  field.  Fig.  230  represents  a 
small  Siemens  machine,  by  means  of  which  more  powerful  currents  were 
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Fig.  23c i— An  Early  Siemens  Macliine. 


Fig.  231. — Wilde’s  Machine. 


generated  than  by  the  earlier 
machines  already  described. 
A are  the  steel  magnets  placed 
vertically.  The  cylindrical 
armature  is  seen  at  e.  It  is 
made  to  rotate  rapidly  by 
means  of  the  multiplying 
wheel  B ; X j are  the  wires 
through  which  the  induced 
currents  are  conducted  into 
the  outer  circuit. 

The  Introduction  of 
Electro- M agnets  by 
Sinsteden,  Wilde,  and 
others. — Sinsteden  in  1851 
pointed  out  that  the  current 
of  the  generator  may  itself  be 
utilised  to  excite  the  mag- 
netism of  the  field  magnets. 
It  was  at  once  seen  that  the 
induced  currents  generated 
by  the  infiuence  of  perma- 
nent magnets  on  moving  coils 
are  capable  of  producing  far 
more  powerful  magnets  than 
the  permanent  magnets.  Con- 
sequently, if  in  the  field  of 
these  magnets  obtained  by 
means  of  the  induced  cur- 
rents coils  are  made  to  move, 
induced  currents  of  greater 
strength  than  the  first  may 
be  generated.  Wilde  carried 
out  this  suggestion  by  using 
a small  steel  permanent 
magnet  and  larger  electro- 
magnets, in  the  machine  re- 
presented in  Fig.  231.  This 
machine  consists  of  two  Sie- 
mens machines  placed  one 
over  the  other,  the  auxiliary 
machine  1 and  principal  ma- 
chine II.  The  permanent 
magnets  m m of  machine  i 
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generate,  by  means  of  their  pole-pieces  c <r,  currents  in  the  cylindrical  arma- 
ture «,  which  are  conducted  through  a b to  the  electro -magnets  e e of 
machine  ii.  Between  the  pole-pieces  k k of  the  electro-magnets  e e another 
cylindrical  armature  m rotates. 

The  powerful  currents  obtained  with  this  machine  were  soon  devoted  to 
practical  purposes.  Wilde’s  machine,  however,  had  one  great  drawback,  which 
became  the  more  objectionable  the  longer  the  machine  was  in  use,  viz.,  the 
mass  of  iron  became  in  a short  time  so  hot  as  to  cause  a decrease  in  the 
strength  of  the  current.  This  made  the  generation  of  currents  of  a uniform 
strength  impossible.  Indeed,  unless  the  armatures  and  coils  were  artificially 
cooled,  the  machine  could  only  be  worked  for  a short  period  without  being 
permanently  injured  by  the  heat  generated. 

The  Dynamo-Electric  Principle. — The  next  great  improvement  of 
these  machines  arose  from  the  discovery  of  what  may  be  called  the  dynamo- 


Fig.  232. — Soren  Hjorth’s  Diagram. 

electric  principle.  This  principle  may  be  stated  as  follows  : — For  the  generation 
of  currents  by  magneto-electric  induction  it  is  not  necessary  that  the  machine 
should  be  furnished  with  permanent  magnets ; the  residual  or  temporary  mag- 
netism of  soft  iron  is  sufficient  for  the  purpose. 

Before  this  discovery,  Soren  Hjorth  seems  to  have  perceived  that  the  current 
itself  may  be  used  to  strengthen  the  magnets  that  produce  it.  Soren  Hjorth, 
when  describing  his  machine,  for  which  he  took  out  a patent  on  October  14th, 
1854,  says:  “The  permanent  magnets  may  be  wound  with  wire  in  the  same 
way  as  the  electro-magnets,  which  has  the  advantage  of  securing  the  permanency 
of  their  magnetism.”  From  his  description  we  see  that  Hjorth  was  very  near 
the  discovery  of  the  dynamo-electric  principle ; but  he  cannot  actually  claim  the 
discovery  of  it,  as  will  be  seen,  especially  when  we  study  the  drawing  which 
accompanied  his  description,  shown  in  Fig.  232  : a a represents  permanent 
magnets,  b b the  electro-magnets,  and  c c the  coils  under  induction,  which  are 
made  to  rotate  between  the  poles  of  the  magnets.  And  nothing  came  of  this 
patent  in  the  way  of  practical  application. 
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In  1858  an  unknown  inventor  secured  provisional  protection  under  British 
patent  laws  in  the  name  of  J.  H.  Johnson,  a patent  agent,  for  a dynamo -electric 
machine.  His  specification  contains  the  following  words  : “ It  is  also  proposed 
to  employ  the  electro-magnets  in  obtaining  induced  electricity,  which  supplies 
wholly  or  partially  the  electricity  necessary  for  polarising  the  electro-magnets, 
which  electricity  would  otherwise  be  required  to  be  obtained  from  batteries  or 
other  known  sources.” 

In  1867  the  principle  was  clearly  enunciated  and  used  simultaneously,  but 
independently,  by  Siemens*  and  by  Wheatstone.  They  both  discovered  that  a coil 
rotating  between  the  poles  of  an  electro-magnet  will,  by  means  of  the  feeble 
residual  magnetism  of  the  core,  induce  a small  current,  and  that  this  small 
current,  when  transmitted  through  the  coils  of  the  same  electro-magnet,  will 
exalt  its  magnetism,  and  so  prepare  it  to  induce  still  stronger  currents.  They 


* Electrical  science  owes  so  much  to  the  Brothers  Siemens,  that  the  following  details  may  not  be 
without  interest  to  the  readers  of  a popular  treatise  : — Werner  and  Charles  William  Siemens  were  bom 
at  Leutlie,  in  Hanover.  They  were  educated  at  the  Gymnasium  at  Eubeck,  afterwards  at  the  Poly- 
technic School  at  Magdeburg,  and  finally  at  the  University  of  Gottingen.  Here  they  studied  under 
Wohler  and  Himly.  In  1842  Charles  became  a pupil  in  the  engine  works  of  Count  Stolberg,  and 
here  he  laid  the  foundation  of  the  engineering  knowledge  which  he  afterwards  turned  to  such  good 
practical  account.  The  fact  that  these  brothers  belonged  to  a family  of  inventors  makes  it  rather  difficult 
to  say  what  was  the  precise  personal  share  each  had  in  the  many  inventions  for  which  the  world  is 
indebted  to  the  four  gifted  brothers,  Werner,  William,  Carl,  and  Frederick.  It  may,  however,  be  said 
that  in  electrical  discovery  the  two  brothers  William  and  Werner  were  principally  associated.  It  was 
to  introduce  to  the  English  public  a joint  invention  of  his  own  and  his  brother  Werner  in  electro- 
gilding, that  William  Siemens  first  came  to  England  in  1843.  The  details  of  the  construction  of  the 
Siemens  machine,  and  the  various  improvements  by  which  it  has  been  brought  to  its  present  form,  or 
rather  forms  (for  there  are,  of  course,  several  varieties),  are  due  alike  to  the  younger  and  the  elder 
brother.  And  the  same  may  be  said  of  the  various  inventions  connected  with  telegraphy  and  the 
electric  light  which  emanated  from  the  great  firm  of  Siemens  Brothers.  Some  of  these  were  entirely 
worked  out  by  one,  some  by  the  other  brother,  but  no  attempt  was  made  to  separate  them  or  to  dis- 
criminate between  them.  To  record  fitly  what  they  and  their  firm  have  done  for  the  advancement,  not 
only  of  electric  lighting,  but  of  the  various  practical  uses  of  electricity,  would  involve  the  enumeration 
of  an  infinity  of  technical  details,  each  comparatively  unimportant,  but  each  fitting  into  its  own  place, 
and  serving  to  produce  a complete  whole.  It  may,  however,  be  said  that  if  a careful  examination 
were  made  of  most  working  installations  of  the  electric  light,  it  would  be  found  that  a very  considerable 
portion  of  the  real  work  done  had  been  done  by  the  firm  of  Siemens  Brothers.  At  the  Paris  E.xhibition 
they  were  facile  principes ; at  Munich,  at  Vienna,  at  the  Crystal  Palace,  they  were  alike  conspicuous. 
Visitors  to  the  Fisheries,  the  Health,  Inventions,  and  other  Exhibitions,  will  remember  how  large  a 
share  of  lighting  there  was  effected  by  Messrs.  Siemens.  The  electrical  transmission  and  conveyance 
of  power  is  another  field  they  have  made  peculiarly  their  own.  With  the  exception  (and  an  exception 
of  undoubted  importance)  of  storage  batteries,  the  advances  in  this  direction  are  principally  due  to 
them.  The  Berlin  electric  railway  and  that  at  Portrush  are  alike  the  work  of  one  or  other  branch  of 
the  firm,  while  those  who  ever  had  the  pleasure  of  being  shown  round  his  country  house,  near  Tun- 
bridge Wells,  by  Sir  William,  can  best  realise  how  much  he  individually  did  to  reduce  to  human  servi- 
tude the  forces  of  that  mysterious  power  of  which  he  was  so  great  a master.  Not  only  did  electricity 
perform  a large  part  of  the  actual  work  of  the  farm,  sawing  wood  and  pumping  water,  but  it  was 
made  to  supply  in  part  the  place  of  the  sun  itself,  and  assist  the  growth  of  plants  and  fruits.  In  April 
of  1883  Dr.  Siemens  received  the  honour  of  knighthood,  in  recognition  of  his  scientific  discoveries, 
and  on  November  i8th,  the  same  year,  he  died.  “ Looking  back  along  the  line  of  England  s scientific 
worthies,  there  are  few  who  have  served  the  people  better  than  this,  her  adopted  son ; few,  if  any, 
whose  life’s  record  will  show  so  long  a list  of  useful  labours. 
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therefore  placed  the  coils  of  their  large  fixed  electro-magnets  (or,  as  we  may 
term  them,  the  field  magnets)  in  circuit  with  the  coils  of  the  rotating  arm.ature, 
so  that  the  coils  of  the  field  magnet  would  be  traversed  by  the  whole  or  by  a 
portion  of  the  induced  currents.  Such  machines  are  known  as  dynamo-electric 
machines,  or  generators,  to  distinguish  them  from  the  generators  in  which  per- 
manent steel  magnets  are  employed,  and  which  are  sometiines  termed  magneto- 
electric generators.  The  reason  for  the  name  is,  that  in  the  machines  which 
have  no  permanent  magnet  the  currents  seem  to  be  more  directly  traceable  to 
the  dynamical  power  that  drives  the  machine.  It  must  not  be  forgotten,  how- 
ever, that  in  both  kinds  the  current  is  due  to  magneto-electric  induction,  and 
the  energy  of  the  currents  induced  is  derived  from  the  power  of  the  steam-engine 
or  motor  which  performs  the  work  of  moving  the  rotating  coils. 

On  December  24th,  1866,  Mr.  S.  A.  Varley  filed  in  the  British  Patent  Office 


Fig.  233. — Principle  of  Siemens’  Dynamo- Electric  Machine. 


a provisional  specification  for  a dynamo-electric  machine,  but  this  was  not 
published  until  July,  *[867. 

It  was  in  February,  1867,  that  Dr.  C.  W.  Siemens’  classical  paper  on  the  con- 
version of  dynamical  into  electrical  energy  without  the  aid  of  permanent  magnetism 
was  read  before  the  Royal  Society.  Strangely  enough,  the  discovery  of  the  same 
principle  was  enunciated  at  the  same  meeting  of  the  Society  by  Sir  Charles 
Wheatstone,  while,  as  we  have  already  seen,  there  is  yet  a third  claimant  in 
Mr.  Varley,  who  had  previously  applied  for  a patent  in  which  the  idea  was 
embodied.  It  can,  therefore,  never  be  quite  certain  who  was  the  first  dis- 
coverer of  the  principle  on  which  modern  dynamo-machines  are  constructed. 
As  regards  the  Siemens  discovery,  the  originator  of  the  idea  seems  to  have 
been  Dr.  Werner  Siemens,  who,  on  being  shown  an  electrical  motor  constructed 
without  permanent  magnets,  immediately  saw  that  a generator  without  per- 
manent magnets  was  equally  possible ; but,  as  we  have  said,  it  was  the  second 
brother,  Charles,  who  read  the  paper  on  the  subject. 

233  shows  the  dynamic  machine  by  Siemens  in  its  simplest  form.  To 
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the  vertical  iron  plate  p two  horizontal  plates  are  fastened,  wound  with  several 
layers  of  copper  wire,  and  thus  forming  the  limbs  of  a horse-shoe  electro- 
magnet, the  upper  pole  of  which  is  seen  at  n.  Between  the  poles  of  this  electro- 
magnet the  cylindrical  armature  n rotates  rapidly  round  the  horizontal  axis  a.  Fig. 

234  will  help  us  the  better  to 
understand  Siemens’  early  dy- 
namo machine.  The  hollows 
cut  in  the  poles  of  the  electro- 
magnets E E are  indicated  by 
the  dotted  lines.  The  cylin- 
drical armature  in  the  figure 
has  only  one  turn  of  wire,  so 
as  to  show  distinctly  the  mode 
of  connection  of  one  end  with 
the  axis  ax,  and  the  other 
end  with  the  insulated  me- 
tallic cylinder  m.  In  neither 
of  the  diagrams  in  the  figure 
is  a commutator  represented 
for  reversing  the  connections 
every  half-revolution,  so  that 
the  currents  generated  in  the 
armature  may  have  the  same 
direction  in  the  outside  circuit 
c d,  consequently  the  arrange- 
ment represented  will  produce 
alternating  currents  in  c d. 
When  the  armature  rotates 
about  the  axis  ax  in  the  di- 
rection of  the  arrow,  the  pole- 
face  s s approaches  the  upper 
plate  N N of  the  electro-mag- 
net E,  and  the  pole-face  n n 
the  lower  plate  s.  When  a 
current  from  a battery  is 
passed  through  the  turns  of 
the  electro-magnet  for  a short 
time,  a small  amount  of  re- 
Fig.  234.— Siemens’  Original  Armature.  sidual  permanent  magnetism 

will  remain  in  the  electro- 
magnet after  the  battery  is  removed.  Let  us  assume  north  magnetism  to  be  left 
in  the  upper  plate  n n,  and  south  magnetism  in  the  lower  s.  This  magnetism 
will  affect  the  iron  matter  of  the  armature,  and  generate  in  the  cylindrical  face  n n 
north  magnetism,  and  in  the  face  s s south  magnetism,  according  to  the  known 
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laws  of  magnetic  induction.  We  know,  further,  that  the  production  of  this 
magnetism  generates  currents  in  surrounding  conductors,  the  direction  of  which 
is  opposite  to  the  direction  given  to  the  magnetic  current  by  Ampbre’s  rule. 
In  s s the  Amphre  currents  flow  with  the  hands  of  a watch,  \n  n n against  the 
hands  of  a watch.  The  residual  magnetism  in  n n and  s,  therefore,  induces 
a weak  magnetism  in  s i and  n n,  which  induces  a current  in  the  turns  of  the 
coil.  By  means  of  the  springs  i and  2 this  current  is  conducted  to  the  coils  of 
the  electro-magnet  e e.  The  poles  of  the  electro-magnet  n and  s are  now  not 
only  influenced  by  the  residual  magnetism,  but  also  by  the  electro-magnetism 
generated  by  the  weak  induced  current,  which  therefore  increases  their  power. 
This  causes  induced  currents  of  greater  strength  to  appear  in  the  armature, 
and  to  pass  into  the  electro-magnet,  and  thus  again  increase  its  power,  etc. 
The  mutual  action  between  magnet  and  armature  causes  the  progressive  in- 
crease of  the  current’s  strength  up  to  a point  depending  upon  the  construction 
of  the  machine  and  the  velocity  with  which  it  rotates. 

In  the  position  shown  in  the  top  diagram  the  coil  of  the  armature  has  currents 
which  flow  in  the  direction  indicated.  If  the  cylinder  continues  to  rotate,  the 
current  iijcreases  for  a quarter  of  a revolution,  then  decreases  for  a quarter  of  a 
revolution.  A position  is  then  reached  where  the  coil  is  currentless.  After 
this  position  the  induced  currents  change  directions,  as  shown  in  the  second 
diagram,  increase  for  a fourth  of  a revolution,  and  then  decrease  until  the  coils 
of  the  armature  are  again  currentless ; after  this  the  induced  currents  of  the  first 
direction  are  reached  again.  The  currents  rise  to  a maximum  and  decrease  to 
a minimum  once  during  each  half-revolution,  as  already  explained  in  describing 
Clarke’s  machine. 

In  order  to  send  the  induced  currents  in  the  same  direction  through  the 
turns  of  the  electro-magnet,  the  machine  has  to  be  connected  with  a com- 
mutator, as  only  under  these  conditions  is  a progressive  increase  of  the  strength 
in  the  magnet  possible.  It  is  indeed  still  to  be  explained  how  the  magnetism 
increases,  although  the  machine  does  not  send  continuous  currents  through  the 
turns  of  the  electro-magnet.  If  the  magnetism  produced  in  the  iron  plates  of 
the  electro-magnet  were  to  disappear  entirely  at  the  moment  when  the  current 
ceases,  the  machine  would  be  incapable  of  producing  the  effects  described.  We 
know,  however,  from  experiment,  that  the  magnetism  of  the  soft  iron  does  not 
cease  at  once,  because  of  the  self-induction  of  the  surrounding  circuit,  and  as  the 
cylinder  rotates  very  quickly,  a new  current  flows  through  the  coil  before  the 
iron  is  sensibly  demagnetised.  Although  these  properties  are  of  use  in  the 
electro-magnets,  they  are  disadvantageous  in  the  armature,  for  the  cylinder 
having  to  change  its  polarity  continually,  the  induced  Foucault  currents  in  the 
core  cause  considerable  heating  of  the  armature. 

If  it  were  not  for  such  secondary  actions  the  electromotive  force  induced  in 
coils  would  increase  more  quickly  than  the  speed  at  which  they  were  driven. 
Hence,  if  the  change  of  magnetisation  could  take  place  instantaneously,  the 
only  limit  to  the  electromotive  force  which  these  machines  could  produce 
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would  be  that  imposed  by  mechanical  considerations.  Practically,  owing  to  the 
currents  induced  in  the  iron,  and  the  self-induction  of  the  wire  in  the  bobbins, 
the  change  of  magnetisation  occupies  a sensible  time,  and  if  the  speed  be 
increased  beyond  that  at  which  the  change  can  be  completed,  the  electro- 
motive force  will  decrease.  The  effect  of  the  induced  currents  is  diminished  by 
making  the  core  hollow,  or  still  better  by  splitting  the  core  from  end  to  end,  or 
by  using  wires  instead  of  a solid  core. 

Ladd’s  Machine. — Instead  of  carrying  the  whole  of  the  current  of  the 
main  circuit  round  the  electro-magnet,  some  inventors  have  shunted  a portion  of 
the  main  current  for  use,  and  carried  the  other  portion  only  round  the  electro- 
magnet. Mr.  Ladd,  however,  used  two  distinct  coils  on  two  armatures,  one  of 

which  carried  sufficient  cur- 
rent to  excite  the  magnet, 
and  the  other  conveyed  the 
current  induced  in  it  for  use 
outside  the  machine.  Fig. 
235  represents  a machine 
constructed  by  Ladd,  and 
exhibited  at  the  Paris  Exhi- 
bition of  1867.  It  consists 
of  two  electro-magnets  and 
two  Siemens  cylindrical  ar- 
matures. The  two  electro- 
magnets B and  D consist  of 
iron  plates,  which  have  at 
their  ends  a a,  free  from 
Pig-  235.— Ladd’s  Machine.  wire,  semicylindrical  hol- 

lowed-out  pole-pieces,  the  : 
pole-pieces  of  the  magnet  b having  the  letters  c c and  c'  c'  in  the  figure.  The  • 
two  cylindrical  armatures  have  commutators  at  m and  n,  the  springs  f and  f'  ; 
each  leading  to  two  screws.  The  rotation  of  the  cylinders  is  brought  about  by  I 
ordinary  belts.  The  springs  f,  which  slide  on  the  smaller  cylindrical  arma-  ^ 
ture,  are  so  connected  with  the  wires  of  the  electro-magnets  b d,  that  the  wires 
of  the  magnets  and  armatures  form  a closed  circuit.  The  wires  in  the  electro-  i 
magnet  are  so  arranged  that  at  every  cylindrical  armature  two  opposite  poles  | 
stand  opposite  to  each  other.  The  right-hand  half  of  Ladd’s  machine  is  simply  * 
a .Siemens  dynamo-electric  machine-  Whenever  the  machine  is  put  in  motion  i 
the  residual  magnetism  induces  weak  currents  in  the  two  armatures.  The  cur-  } 
rents  generated  in  the  smaller  armature  n are  conducted  into  the  coil  of  the 
electro-magnet,  and  increase  the  strength  of  the  magnet ; then,  owing  to  the 
mutual  action  between  magnet  and  armature,  the  strength  of  the  currents  in- 
creases progressively,  until  the  resistance  to  the  motion  of  the  armatures  as 
they  pass  the  poles  balances  the  driving  power.  The  currents  generated  in  the 
right-hand  armature  are  only  used  for  the  electro-magnets,  whilst  the  currents 
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generated  in  the  left-hand  armature  may  be  utilised  in  the  outer  circuit,  as  for 
instance  for  an  electric  light  at  h. 

The  Ring  Armature. — The  starting-point  of  a great  improvement  in 
dynamo-electric  machines  was  the  discovery  by  Pacinotti  of  the  ring  armature. 
This  armature  is  a toothed  ring  of  iron,  with  wire  wound  between  the  projections. 
Dr.  Antonio  Pacinotti  constructed  his  first  electro-magnetic  machine  in  i860. 
The  drawing  shown  in  Fig.  236  is  taken  from  “ La  Lumiere  Electrique,”  and 
represents  the  model  machine  exhibited  at  Paris  in  1881.  The  machine  was 
first  constructed  as  a motor,  that  is  to  say,  it  received  an  electric  current  from 
without  and  transformed  its  energy  into  work. 

The  following  is  a translation  of  the  original  paper  in  Italian,  in  which 
Dr.  Pacinotti  describes  his  machine : — 

Description  of  a Small  Electro-magnetic  Machine  by  Dr.  Antonio  Pacinotti. 

In  i860  I had  occasion  to  construct,  for  the  Museum  of  Technological  Physics 
of  the  University  of  Pisa,  a small  model  of  an  electro- magnetic  machine  devised 
by  me,  an  account  of  which  I now  decide  to  publish,  especially  in  order  to  make 
known  an  electro-magnet  of  a particular  kind  employed  in  the  construction  of  the 
said  machine,  which 'seems  to  me  to  be  adapted  to  give  greater  regularity  and 
steadiness  of  action  in  such  electro-magnetic  machines  ; and  is  of  a form  suitable 
for  collecting  the  sum  of  the  currents  induced  in  a magneto-electric  machine. 

In  ordinary  electro-magnets,  even  when  a commutator  is  adapted  thereto,  the 
magnetism  always  appears  in  the  same  positions  ; whilst  with  the  commutator  which 
is  united  to  the  electro-magnet  that  I describe,  the  poles  can  be  made  to  move  in 
the  iron.  The  form  of  the  iron  of  such  electro-magnet  is  that  of  a circular  ring. 
In  order  to  easily  understand  the  movement  and  the  mode  of  action  of  the 
magnetising  current,  let  us  suppose  there  be  wound  upon  our  ring  of  iron  a copper 
wire  covered  with  silk,  and  when  the  first  spiral  is  finished,  instead  of  continuing 
the  helix  by  going  over  that  already  constructed,  let  the  wire  be  closed  by  soldering 
together  the  two  ends  that  come  near  each  other.  In  this  manner  we  shall  have 
covered  the  iron  ring  with  a closed  insulated  spiral  directed  entirely  in  one  way. 
Now  if  we  connect  the  poles  of  an  electric  battery  with  opposite  points  of  the  wire 
of  this  helix  on  one  side  and-on  the  other  of  the  ring,  the  direction  the  current  takes 
will  be  such  that  the  iron  will  become  magnetised,  presenting  the  magnetic  poles 
at  the  places  where  the  conducting  wires  are  applied.  The  direct  line  that  unites 
these  poles  may  be  called  the  magnetic  axis.  By  changing  the  points  in  communica- 
tion with  the  battery  we  may  give  any  position  to  this  magnetic  axis  transversal 
to  the  figure  or  ring  of  iron  of  the  electro-magnet.  I,  therefore,  like  to  consider  such 
a ring  as  two  transversal  semi-circular  electro-magnets  placed  in  juxtaposition,  and 
having  the  poles  of  the  same  name  in  contiguity.  In  order  to  construct  on  such 
a principle  the  electro-magnet  with  which  I mounted  the  small  electro-magnetic 
machine,  I took  a turned  iron  ring,  having  the  shape  of  a toothed  wheel,  with 
sixteen  equal  indentations.  This  ring  was  supported  by  four  brass  radii,  B b',  which 
unite  it  to  the  axis  of  the  machine.  On  each  tooth  of  the  ring  I placed  a small 
triangular  prism  made  of  wood,  and  so  I left  hollow  grooves,  within  which  I could 
wind  copper  wire  covered  with  silk.  I have  succeeded  in  placing  between  the  teeth 
of  this  iron  wheel  a number  of  helices  or  electro-dynamic  coils  well  insulated.  In 
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all  these  the  wire  is  wound  in  the  same  direction,  and  each  of  them  has  nine  spirals. 

ny  two  consecutive  bobbins  are  separated  from  each  other  hy  an  iron  tooth  of 
the  wheel,  and  by  the  little  piece  or  triangular  prism  of  wood.  Passing  from  one 
bobbin  to  construct  the  following  one,  I have  left  free  a tassel  or  fork  of  copper 
wire,  fixing  it  to  the  piece  of  wood  which  separates  the  two  bobbins.  On  the 
axis  on  which  the  wheel  so  constructed  rotates  I have  brought  all  the  tassels  that 


Fig.  236. — Pacinbtti’s  Machine. 


with  one  end  form  the  termination  of  one  bobbin,  and  with  the  other  the  beginning 
of  the  next  one,  making  them  pass  through  convenient  holes  in  a wooden  collar 
centred  on  the  same  axis. 

This  commutator  consists  of  a small  cylinder  of  wood,  with  two  rows  of  grooves 
around  the  cylindrical  surface,  in  which  sixteen  copper  pieces  are  inlaid,  eight  on 
the  upper  portion  and  as  many  below.;  the  first  alternating  with  the  second,  all  being 
concentric  with  the  wooden  cylinder,  and  a little  projecting  and  alternating  with 
the  wood.  Each  of  these  small  pieces  of  copper  is  soldered  to  the  corresponding 
tassel  joined  between  the  two  bobbins,  so  that  all  the  bobbins  communicate  with 
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each  other,  each  being  united  to  the  next  by  a conductor,  of  which  one  of  the  small 
pieces  of  copper  of  the  commutator  itself  makes  part.  Putting  two  of  these  in  com- 
munication with  the  poles  of  a battery  by  means  of  two  small  metallic  wheels,  the 
current  will  divide  and  will  run  through  the  helix  on  one  side  and  the  other  of  the 
points,  whence  the  tassels  start,  united  to  the  two  small  communicating  pieces, 
and  the  magnetic  poles  shall  appear  in  the  iron  of  the  wheel.  Upon  such  poles 
act  the  poles  of  a fixed  electro- magnet  E e',  and  determine  the  rotation  of  the 
transversal  electro-magnet  around  its  axis.  Even  when  the  electro-magnet  is  in 
motion,  the  poles  are  always  produced  in  the  same  positions,  which  correspond  to 
the  communications  with  the  battery. 

This  fixed  electro- magnet,  as  appears  by  Fig.  236,  is  composed  of  two  iron 
cylinders  E E',  joined  together  by  an  iron  cross-piece,  to  which  one  is  permanently 
screwed,  and  the  other  is  fastened  by  a screw,  placed  underneath,  which  allows  it 
to  run  along  a groove,  in  order  to  make  the  poles  of  the  cylinders  E e'  approach  or 
recede  from  the  teeth  of  the  wheel.  The  current  of  the  battery  entering  from  the 
conducting  wire  2 passes  through  a wire  to  the  binding  screw  3,  and  from  that  to 
the  little  wheel  G,  circulates  around  all  the  bobbins  of  the  wheel,  and  returns  through 
the  connection  4,  which  makes  it  pass  through  another  copper  wire  to  the  helix, 
which  surrounds  the  cylinder  E'.  From  this,  coming  out  again,  it  passes  to  the 
helix  of  the  cylinder  E,  and  is  conveyed  through  another  copper  wire  to  the  second 
conducting  wire  i.  I have  found  it  veiy  advantageous  to  add  to  the  two  poles  of 
the  fi.\ed  electro-magnet  two  soft  iron  armatures  A,  a',  each  of  which  embraces 
for  more  than  one-third  of  the  circle  the  wheel  that  constitutes  the  transversal  electro- 
magnet, placing  them  very  near  to  the  teeth  of  the  same,  and  tying  them  together 
with  copper  guides. 

The  machine  works  when  the  current  passes  only  through  the  circular  electro- 
magnet, but  it  has  much  less  strength  than  when  the  current  passes  also  through 
the  fixed  electro-magnet. 

The  reasons  that  induced  me  to  construct  the  small  electro-magnetic  machine 
upon  the  system  described  were  the  following  : 

(1)  In  the  method  adopted  the  current  never  ceases  to  circulate  in  the  helices, 
and  the  machine  does  not  move  by  a series  of  impulsions  that  succeed  each  other 
more  or  less  rapidly,  but  by  a union  of  forces  that  act  continuously. 

(2)  The  circular  construction  of  the  revolving  magnet  contributes,  together  with 
the  preceding  method  of  successive  magnetisations,  to  give  regularity  to  the  move- 
ment and  the  least  expenditure  of  actual  force  in  shock  or  friction. 

(3)  In  it  nothing  is  sought  but  that  the  magnetisation  and  demagnetisation  of  the 
iron  of  the  electro-magnet  be  accomplished  instantaneously,  to  which  are  opposed 
both  the  extra  currents  and  the  coercive  force,  of  which  the  iron  can  never  completely 
get  rid  ; but  it  is  only  required  that  every  portion  of  the  iron  of  the  transversal  electro- 
magnet, subjected  always  to  the  convenient  electro-dynamic  forces,  pass  successively 
through  the  various  degrees  of  magnetisation. 

(4)  The  external  armatures  of  the  fixed  electro-magnet  continuing  to  act  upon  the 
teeth  of  the  electric  wheel,  and  embracing  very  many  of  them,  do  not  abandon  its 
(the  wheel’s)  action  while  magnetism  remains  in  them.  The  sparks  are  increased  in 
number,  but  much  decreased  in  intensity,  inasmuch  as  there  are  no  strong  outside 
currents  on  the  opening  of  the  circuit,  which  may  always  be  kept  closed,  and  it  is 
only  when  the  machine  acts  that  an  induced  current  continues  directed  in  a contrary 
course  from  the  current  of  the  pile. 
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Pacinotti  not  only  constructed  this  machine  as  a motor,  but  also  as  a 
generator  of  electricity.  He  says : “ If  permanent  magnets  are  taken  instead 
of  the  electro-magnet  e e',  and  the  transverse  magnet  (the  ring)  is  caused  to 
rotate,  we  shall  have  a magneto-electro  machine  which  will  produce  a con- 
tinuous current  of  the  same  direction.” 

A machine  exhibited  at  Paris  in  1867  by  Kravogl  in  certain  points  resembled 
Pacinotti’s  machine.  Kravogl  did  not  intend  his  machine  as  a generator  of 
electricity,  but  as  a motor  worked  by  electricity. 

Professor  Pfaundler  (1870)  obtained  a continuous  current  of  the  strength 
of  one  Bunsen  element  by  making  a Kravogl  motor  rotate.  Neither  Pacinotti 
or  Kravogl,  however,  could  bring  their  machines  to  such  perfection  as  to 
ensure  their  being  adopted  for  practical  use. 

The  Ring  and  Drum  Armatures.— Gramme,  in  1871,  modified  the 
ring  armature,  and  constructed  the  first  machine,  in  which  he  made  use  of 
the  Gramme  ring  and  the  dynamic  principle.  In  1872,  Hefner-Alteneck, 
of  the  firm  of  Siemens  and  Halske,  constructed  a machine  in  which  the 
Gramme  ring  is  replaced  by  a drum  armature,  that  is  to  say,  by  a cylinder 
round  which  wire  is  wound  (as  will  be  subsequently  described  in  detail,  see 
page  271).  Either  the  Pacinotti-Gramme  armature,  or  the  Hefner-Alteneck 
drum  armature,  is  now  adopted  by  nearly  all  constructors  of  dynamo-electric 
machines  for  continuous  currents,  the  parts  varying  of  course  in  minor  details. 

The  resistance  of  the  wire  in  the  various  armatures  is  varied,  as  the  machine 
is  used  for  different  purposes.  It  is  found  that  the  best  length  and  thickness 
of  wire  depends  on  the  resistance  through  which  the  current  is  required  to  flow 
in  the  outside  circuit.  If  this  resistance  is  small,  the  coils  of  the  magnet 
should  be  made  of  thick  wire;  if  the  external  resistance  is  great,  then  the 
coil  should  be  composed  of  many  turns  of  thin  wire.  Sir  William  Thomson 
finds  that  for  a series  dynamo  the  resistance  of  the  field  magnets  should  be 
a little  less  than  that  of  the  armature,  both  being  small  compared  with  the 
resistance  of  the  external  circuit. 

For.  a shunt  dynamo  the  external  resistance  should  be  a mean  proportional 
between  the  resistance  of  shunt  coils  and  armatures.  But  these  points  will  be 
discussed  at  length  after  we  have  described  in  detail  the  principal  kinds  of 
generators  and  motors. 

Classification  of  Dynamo-Electric  Machines. — Very  little  reflection 
on  the  principles  we  have  already  established  will  show  the  advantages  of  the 
following  points  in  the  construction  of  dynamos  : — 

1.  The  field  magnets  should  be  as  strong  as  possible,  and  their  cores  should 
be  so  designed  as  to  offer  as  little  magnetic  resistance  as  possible. 

2.  The  armature  coils  should  be  of  thick  wire,  that  they  may  not  introduce 
unnecessary  resistance. 

3.  At  the  same  time  the  length  of  wire  used  in  the  armature  coils  should  be 
sufficiently  great  to  produce  the  required  E.  M.  f. 
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4.  The  currents,  both  for  lighting  and  for  work,  must  be  steady,  and  there- 
fore the  magnet  poles  must  be  so  shaped  and  arranged  as  to  distribute  the  field 
evenly.  Opposing  inductions  in  any  of  the  armature  coils  should  be  avoided  as 
far  as  possible,  either  by  a proper  distribution  of  the  field  and  a proper  choice  of 
the  points  of  commutation  in  continuous  current  machines,  or  by  cutting  out  of 
the  circuit  certain  coils  during  the  short  interval  in  which  they  generate  e.m.f.’s 
opposing  the  general  or  main  E.  M.  F. 

5.  Useless  internal  currents  must  be  avoided,  as,  if  they  do  no  other  harm, 
they  heat  the  machine.  Hence  the  cores  are  usually  split,  and  consist  of  wires 
or  thin  plates,  according  to  the  shape  of  the  armatures. 

6.  Useless  resistance  and  “idle  ” wire  are  to  be  avertded  in  all  parts. 

The  various  inventions  to  secure  the  greatest  number  or  the  most-  important 
of  these  aims,  furnish  us  with  the  means  of  classifying  modern  dynamo 
machines. 

If  we  classify  them  according  to  the  method  or  methods  by  which  the 
magnetic  field  is  produced,  we  have  : 

a.  The  magneto-dynamo,  in  which  there  are  permanent  steel  magnets. 

b.  The  series  dynamo,  in  which  the  coils  of  armature  and  field  magnets  are 
joined  up  in  series. 

c.  The  shunt  dynamo,  in  which  only  a portion  of  the  current  is  used  to 
excite  the  field  magnets. 

d.  The  separately-excited  dynamo,  in  which  the  field  magnets  are  excited  by 
an  auxiliary  machine. 

e.  Combinations  of  a,  b,  c,  and  d. 

Again,  dynamo  machines  may  be  : 

1.  Generators  when  they  produce  electric  energy  at  the  cost  of  mechanical 
work. 

2.  Motors  when  they  receive  electric  energy  and  do  work.  A machine  which 
may  be  used  either  as  a generator  or  motor  is  said  to  be  reversible. 

The  various  modern  continuous  current  dynamo  machines  differ  either  in  : 

(A)  The  arrangement  of  coils  in  the  armature. 

(B)  The  arrangement  of  coils  on  the  field  magnets. 

(C)  The  commutator. 

A.  i.  Ring  armatures  have  the  coils  wound  round  a ring.  There  are  two 

kinds,  the  anchor  ring  and  flat  ring. 

ii.  Drum  armatures  have  the'  coils  on  a cylindric  drum. 

iii.  Disc  armatures  have  the  coils  on  a plate  or  disc. 

iv.  Pole  armatures  have  the  coils  wound  on  radial  poles. 

B.  i.  Series  coils  send  the  same  current  round  the  coils  of  the  field  magnet 

and  the  coils  of  the  armature. 

ii.  Shunted  coils  allow  a part  only  of  the  main  current  to  pass  through  the 
coils  of  the  field  magnets. 
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iii.  Separately  excited  coils  are  used  when  the  current  of  the  magnets  is 

produced  by  a separate  current  generator. 

iv.  Compound  wound  machines  have  two  sets  of  coils,  one  carrying  a series 

current  and  the  other  a shunt  current. 

C a.  Continuous  current  commutatois  are  of  the  forms  : 

L The  two  part  commutator.,  or  overlapping  cylinders, 
ii.  The  split  tube. — The  various  moving  coils  are  connected  with  what 
is  called  a split  tube,  consisting  of  bars  on  a cylinder  of  insulating 
material,  and  these  bars  touch  the  brushes  or  springs  alternately, 
so  that  at  one  part  of  the  revolution  the  bar  of  any  coil  touches 
one  brush,  and  at  the  opposite  part  it  touches  the  other  brush. 

• b.  Alternate  current  collectors. — For  alternate  currents  a commutator  is 
not  required  ; the  current  is  led  away  from  the  rotating  armature  by 
brushes  sliding  on  insulated  rings,  to  which  the  ends  of  the  wire 
circuit  of  the  armature  are  attached.  The  field  magnets  for  an 
alternate  current  machine  must  be  excited  by  a supplemental 
generator. 

DYNAMO-ELECTRIC  MACHINES. 

We  shall  now  trace  the  ways  in  which  these  differences  were  combined 
in  the  earlier  machines.  Afterwards  we  shall  describe  some  of  the  machines 
more  recently  developed. 

MAGNETO-DYNAMO  MACHINES. 

The  Alliance  Machine 
is  represented  in  Fig.  237. 
1 1 consists  of  eight  sets  of 
compound  horse-shoe  magnets 
fixed  symmetrically,  as  shown  : 
each  compound  magnet  weighs 
about  45  lbs.  The  machine, 
it  will  be  readily  seen,  is,  in 
principle,  an  assemblage  of 
Clarke  machines,  and  has 
twice  as  many  coils  as  mag- 
nets ; thus,  with  forty-eight 
magnets  there  are  ninety-six 
coils.  One  end  of  the  total 
length  of  wire  is  fastened  to 
the  axis,  and  is,  therefore,  in 
electrical  connection  with  the 
frame  of  the  machine ; the 
other  end  is  fastened  to  a 
metal  ring  surrounding  the 


Fig.  237. — The  Alliance  ^Tachine. 
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shaft  but  insulated  from  it. 
A spring  which  presses  on 
this  ring  conducts  away  the 
current.  Every  time  a coil 
passes  a pole  the  current 
changes,  hence  there  are  six- 
teen changes  for  each  coil 
to  each  revolution,  and  as 
the  machine  is  driven  at 
more  than  six  revolutions 
per  second,  there  will  be  loo 
changes  per  second.  The 
first  machine  of  this  kind 
had  commutators  ; but  it  was 
only  after  the  machine  was 
modified  by  Van  Malderen, 
who  abandoned  the  commu- 
tator so  as  to  use  the  rapidly 
alternating  currents,  that  it 
became  of  practical  value. 
Alliance  machines  were  used 
in  the  electric  lighting  on 
Fig.  238.— De  Meritens’  Machine.  Mont  Valerien  and  Mont- 

martre during  the  siege  of 
Paris  in  1871,  and  have  been  used  in  some  light-houses  on  the  coast  of  France 
ever  since  that  date.  Nevertheless,  this  form  of  machine  is  complicated  and 
costly,  and  not  easily  repaired  when  any  part  is  injured. 

De  Meritens’  Machine. — 

In  the  construction  of  De  Meritens’ 
machine  permanent  magnets  are 
also  used,  as  represented  in  Fig. 

238,  arranged  so  that  the  poles 
alternate  at  equal  distances  round 
a circle.  The  armature  rotating 
within  this  circle  consists  of  a 
wheel,  on  the  rim  of  which  are 
fixed  fifteen  cores  with  their  coils. 

I'he  cores  are  each  composed  of 
many  laminae  of  sheet-iron  of  |m|| 
shape,  round  which  a covered  wire 
is  wound  in  the  manner  clearly 
shown  in  Fig.  239,  which  repre- 
sents one  of  the  magnets  and  three 

of  the  cores  and  coils,  one  of  them  Fig.  239. — Meritens’  Armature. 
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shown  in  section.  Each  iron  core  is  separated  from  the  next  by  a piece  of  ' 
copper,  and  the  whole  forms  a complete  ring  of  cores  wound  with  wire.  In  this  I 

arrangement  it  will  be  seen  that  the  several  kinds  of  induced  currents  tend  to  ' < 

strengthen  each  other,  or  at  least  act  in  the  same  direction.  As  a pole  of  an  . | 
armature  core  approaches  any  pole  of  the  magnets,  a current  is  generated. 
The  magnet-pole  further  generates  a pole  in  the  core  of  the  armature,  thereby 
also  generating  a current  j and  thirdly,  the  movement  of  the  wire  of  the  arma-  , 
ture  through  the  magnetic  field  also  generates  a current.  All  these  effects  of  i 
induction  coincide  in  direction.  On  the  other  hand,  as  currents  diametrically  op-  ■ 
posite  are  generated  as  the  armature  leaves  the  pole  we  have  hitherto  considered 
it  as  approaching,  the  current  delivered  to  the  external  circuit  is  of  an  alternate  i j 
character,  which  might  however  be  made  continuous  by  a commutator.  The  - i 
coils  also,  though  all  wound  the  same  way,  must  be  joined  up  in  a particular  ■ j 
manner,  which  avoids  the  contradictory  currents  that  would  otherwise  be  pro-  ] 

duced.  This  machine  is  of  high  efficiency,  and  has  a reputation  for  light-house 

illumination  : its  armature  coils  are  very  easily  wound  and  fixed  in  position,  ' \ 
and  for  alternate  currents  no  commutator  is  needed.  On  the  other  hand,  it  . 
possesses  all  such  disadvantages  as  pertain  to  machines  in  which  permanent 
magnets  are  employed. 


CONTINUOUS-CURRENT  DYNAMO-ELECTRIC  MACHINES.  ;■ 

The  Gramme  ^^achine. — We  shall  now  describe  in  detail  the  principal 
types  of  early  dynamo-electric  machines.  The  first  requiring  description  is  the  V' 
Gratn77ie  machine.  The  principal  feature  is  the  ring  armature,  invented  by 
Gramme.  It  consists  of  a bundle  of  annealed  iron  wires  bent  into  a circle,  and 
completely  overwound  with  copper  wire  in  sections,  each  section  being  con- 
nected  with  the  next,  so  that  all  the  coils  are  connected  in  series.  In  order  to  rJ 
explain  the  action  of  the  ring  and  its  coils,  or  bobbins,  let  us  refer  to  the  dia- 
gram  in  Figure  240.  A N B s represents  a ring-shaped  magnet,  having  a north-  tj 
seeking  pole  at  n,  and  a south-seeking  pole  at  s.  Eight  coils  are  shown  in  the  |1 
figure,  each  being  represented  by  a single  turn  of  wire.  Let  us  imagine  the  coils  : i 
to  move  round  the  ring  in  the  direction  of  the  arrow,  and  trace  the  effects  of  j 
induction  in  the  various  positions.  We  may  adopt  any  of  the  three  modes  of  ^ 
explanation  with  which  we  are  now  familiar.  Ampere’s  rule,  Lenz’s  law,  or  Max-  , || 
well’s  rule.  Consider  the  application  of  Lenz’s  law.  The  current  induced  is  - 
such  as  to  resist  the  motion ; hence,  as  a coil  leaves  a south  pole,  the  south  pole  pulls  ' 
it  back.  Hence  the  retreating  coil  presents  the  dissimilar  pole  to  that  which  it  is  8 
leaving.  As  a coil  passes  from  s towards  a,  therefore  it  has  its  n side  towards  s,  « 
and  its  s side  forward.  When,  however,  it  has  passed  a,  the  pole  n repels  it  G 
by  Lenz’s  law,  and  therefore  the  n side  of  the  coil  is  forward  and  the  j side  H 
behind.  Hence  a change  of  direction  of  the  current  takes  place  at  a.  Faraday’s 
principle  and  Maxwell’s  rule  give  us  more  information  about  this  and  similar  ■ 
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machines  than  the  direction  of  current  simply,  and  it  will  be  convenient  here  to 
consider  Faraday’s  principle,  which  has  thus  been  stated : When  a conductor  is 
moved  in  a field  of  magnetic  force  in  any  way  so  as  to  cut  the  lines  of  force, 
there  is  an  E.  M.  F.  produced 
in  the  conductor  in  a direc- 
tion at  right  angles  both  to 
the  direction  of  motion  and, 
the  lines  of  force. 

The  E.  M.  F.  is  propor- 
tional to  the  rate  of  cutting  of 
the  lines  of  force.  By  imagin- 
ing the  number  of  lines  of 
force  crossing  any  small  area 
to  be  proportional  to  the 
intensity  of  the  field  at  every 
point,  and  passing  always  in 
the  direction  in  which  a north 
magnetic  pole  would  be 
moved,  we  may  estimate  the 

E.  M.  F.  , ' 

To  induce  currents  in  a 
conducting  circuit,  either  the 
conductor  must  move  or  the 
magnet  must  move  relatively 
to  the  conductor,  so  as  to  alter  the  number  of  lines  of  force  embraced-  in  the 
circuit. 

Increase  of  the  number  of  lines  of  force  embraced  produces  a current  in  one 
direction,  and  decrease  produces  a current  in  the  opposite  direction. 

Hence,  approach  and  recession  between  a coil  and  magnetic  pole  produces 
alternating  currents.  The  effects  are  the  same  with  the  same  intensity  of  field, 
whatever  may  be  the  kind  of  magnet  that  produces  the  field. 

To  explain  the  series  of  changes  by  Maxwell’s  rule,  we  must  imagine  the  lines 
of  force  drawn  in  the  external  magnetic  field  between  n and  s,  and  in  the  iron 
from  s to  N,  and  we  must  consider  where  the  number  of  such  lines  that  pass 
through  a moving  coil  becomes  a maximum,  and  where  it  becomes  a minimum. 

To  understand  the  explanation  that  follows  it  must  be  remembered  that  in 
an  actual  machine  the  poles  n and  s are  produced  by  external  poles  of  opposite 
names,  and  that  all  the  lines  do  not  enter  and  leave  at  the  points  s and  n 
respectively,  but  are  distributed  over  a large  arc. 

The  greatest  number  of  these  imaginary  lines  of  force  will  pass  through  the 
circle  of  wire  forming  a moving  coil,  when  it  is  at  right  angles  to  the  line  joining 
the  poles  N s,  and  no  lines  of  force  will  pass  through  the  coil  when  it  lies  along 
the  line  n s,  so  that  it  is  presented  to  a pole  edgewise.  As  a coil  descends  from 
A to  N,  the  number  of  lines  of  force  that  pass  through  it  will  be  continuously 
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diminishing,  until  the  number  becomes  o at  n.  As  it  rises  from  n,  the  number  'i, 
of  lines  of  force  intercepted  by  it  increases,  but  they  pass  through  its  plane  in  the  ’ | 
opposite  direction.  For  instance,  draw  two  of  the  lines  from  n,  one  on  each  side,  f-j 
placing  arrow-heads  pointing  towards  N.  The  arrow-heads  point  to  the  back  of  ll 
the  approaching  coil  and  the  front  of  the  receding  coil.  If  the  former  lines  be 
considered  positive,  the  latter  are  negative.  From  a to  n,  therefore,  the  number 
of  positive  lines  is  diminishing,  and  from  N to  b the  number  of  negative  lines  is 
increasing.  Similarly  from  b to  s the  number  of  negative  lines  is  diminishing, 
and  from  s to  a the  number  of  positive  lines  is  increasing.  Hence,  in  all  the  l| 
coils  of  the  upper  half  the  currents  are  in  one  direction,  and  in  all  the  coils  of 
the  lower  half  they  are  in  the  opposite  direction.  There  will  therefore  be  a , i 
higher  potential  at  B than  at  a,  and  consequently,  if  a and  b be  joined  by  an  ’> 
external  wire  a e b,  there  will  be  a current  as  shown  by  the  arrow.  ; 

From  the  figure  we  can  easily  see  that  the  coil,  on  the  road  from  a oyer  n I ; 
to  B (that  is,  in  the  positions  5,  6,  7,  and  8)  is  chiefly  influenced  by  the  north  i 
polarity  ; on  its  way  from  b over  s to  A (that  is,  in  the  positions  i,  2,  3,  and  4)  it  f 
is  chiefly  exposed  to  the  influence  of  the  south  polarity.  The  coil  is  equidistant 
from  the  N and  s,  when  at  either  of  the  positions  a b ; here  the  inductions  i ; 
will  be  of  equal  strength,  but  opposite  in  direction.  It  follows  that  for  every  revo-  j' 
lution  of  the  coil  the  induced  currents  will  change  their  direction  twice,  viz.,  at  ; 
A and  B.  The  above  not  only  holds  good  for  one  coil,  moved  in  the  manner  ■ 
described,  but  for  every  coil.  Let  us  assume,  then,  the  positions  i,  2,  3,  4,  i 
etc.,  in  the  figure,  to  represent  not  the  different  positions  which  one  coil  would  i- 
have  during  motion,  but  so  many  coils  moving  in  the  same  direction,  and  at  the  *■ 
same  rate,  we  shall  have  the  currents  of  one  direction  in  i,  2,  3,  4,  and  currents 
of  the  opposite  direction  in  5,  6,  7,  8.  If  now  the  beginning  of  one  spiral  is 
connected  to  the  end  of  the  next,  as  shown  in  the  figure  by  the  dotted  lines,  all 
the  coils  will  form  then  one  continuous  spiral.  If  the  parts  n and  s have  equal 
intensities,  and  there  are  the  same  number  of  coils  in  the  upper  and  lower  half 
of  the  ring,  currents  of  the  same  strength,  but  opposite  direction,  will  be  produced 
at  A and  B.  The  resultant  of  all  the  induced  currents  will  be  zero.  If  now  we 
make  an  addition,  and  not  only  join  the  spirals , between  a and  b to  one  another 
in  succession,  as  shown  by  the  dotted  lines,  but  connect  the  junctions  on  oppo- 
site sides  by  an  external  wire  : then  through  this  wire  a current  will  flow  in  one 
direction.  We  shall  understand  how  it  is  that  the  flow  takes  place  by  taking  an 
analogous  case  : that  of  water.  Imagine  the  two  spirals  i and  8 filled  with  water,  as 
shown  in  Fig.  241.  Suppose  that  at  the  end  of  each  coil  a piston  is  introduced 
to  produce  a pressure.  If  the  pressures  at  c and  d are  equal,  the  water  inside 
the  coils  will  have  no  motion.  When  now  at  the  junction  b a third  channel  b a 
is  placed,  the  water  will  flow  in  the  direction  through  b a,  indicated  by  the  arrow. 
Suppose  the  same  arrangement  was  made  at  a on  the  other  side  (Fig.  240),  but 
with  the  pistons  moving  in  the  opposite  direction,  the  water  would  be  drawn 
towards  A,  and  the  tendency  to  flow  increased. 

To  obtain  the  direction  of  the  induced  currents  in  spirals  i and  2,  ac-  • 
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cording  to  AmpJ;re’s  rule,  the  observer  must  be  placed  .at  c,  and  the  Amperian 
currents  in  the  magnet  will  be  found  to  flow  against  the  hands  of  a watch 
(indicated  in  the  figure  by  the  arrow  under  n,  without  a tail) ; for  spirals  3 
and  4 the  observer  stands  at  d,  the  currents  in  the  magnet  still  flow  against  the 
hands  of  a watch  (indicated  by  the  second  arrow  in  the  figure,  having  a tail). 

If  we  follow  in  a similar  way  the  direction  of  the 
Amperian  currents  at  the  north  pole,  we  find  they 
flow  with  the  hands  of  a watch,  as  indicated  by 
the  arrows  in  the  figure.  The  currents  in  the  coils 
are  opposite  to  these  Amperian  currents  on  approach, 
and  similar  to  them  as  the  coils  recede.  A coil 
moving  round  the  ring  will  be  currentless  at  a.  As 
it  approaches  N the  induced  currents  will  increase  to 
a maximum  at  N.  After  the  coil  has  passed  n,  again 
the  intensity  of  the  current  diminishes.  When  the 
coil  reaches  b it  will  again  be  currentless,  and 
so  on. 

We  took  for  granted  that  the  ring  has  north  magnetism  at  N and  south 
magnetism  at  s,  without  explaining  how  this  is  brought  about.  In  the  Gramme 
machine  the  ring  is  arranged  between  the  poles  of  a powerful  permanent  magnet 
or  an  electro-magnet ; and  in  this  manner  each  portion  of  the  ring  nearest  the 
north  pole  of  the  magnet  becomes  south  magnetic,  and  the  portion  of  the 
ring  near  the  south  pole  north  magnetic.  As  the 
coils  of  the  ring  rotate  very  close  to  the  poles  of 
the  magnet,  this  will  induce  currents  in  the  coils, 
the  direction  of  which  is  easily  determined  by 
means  of  Ampere’s  rule.  Following,  for  instance, 
the  current  which  flows  through  coil  3 (Fig.  242), 
we  find  that  the  inducing  effects  of  magnet  and 
ring  assist  each  other. 

Up  to  the  present  we  have  assumed  that  the 
iron  rings  were  fixed  between  the  poles  of  the 
magnet,  and  that  the  coils  only  moved.  To  carry 
out  such  an  arrangement  practically,  however, 
would  meet  with  many  difficulties,  and  the 
same  result  may  be  obtained  by  keeping  the 
poles  fixed  in  position  while  the  iron  moves. 

Experiments  have  shown  that  a soft  iron  ring  rotating  between  the  poles  of 
a magnet  becomes  magnetised  in  the  same  manner  as  a fixed  ring  would; 
that  is  to  say,  so  that  the  portion  opposite  th^  north-seeking  pole  of  the 
magnet  acquires  south  magnetism,  and  so  on.  The  rotating  ring,  then, 
in  relation  to  the  poles  of  the  fixed  magnet,  behaves  exactly  as  a fixed  ring 
would,  with  one  slight  modification  : the  ring  does  not  become  magnetised  so 
as  to  have  its  poles  exactly  opposite  to  the  poles  of  the  magnet  exactly  at  the. 


Ring. 


Fig.  241. — Current  from 
two  opposing  currents. 
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moment  of  passing  the  pole,  but  a little  later.  The  currents  in  the  coils  exert 
a magnetising  effect  on  the  ring,  the  nett  result  of  which  is  to  move  the  poles 
round  in  the  direction  of  rotation.  The  poles  of  the  ring  will  not  lie,  therefore, 
immediately  opposite  the  poles  of  the  fixed  magnet,  but  a little  farther  on. 
They  will  have  what  is  technically  called  a certain  “ lead.”  By  taking  into 
account  these  facts,  we  may  wind  the  wire  round  the  ring  and  make  the  latter 
rotate,  without  rendering  the  explanations  given  above  inapplicable  to  Gramme’s 
ring. 

Fig.  243  represents  the  actual  form  of  the  complete  ring  armature.  The 
ring  itself  does  not  consist  of  a solid  piece  of  iron,  for  reasons  already  given,  but 
of  a bundle  of  iron  wires  well  annealed.  Such  a ring  will  lose  and  recover  its 
magnetism  sooner,  and  the  effect  of  eddy  currents  will  be  less  than  if  it  con- 


Fig.  243. — Section  of  a Gramme  Ring. 


sisted  of  one  solid  piece,  a b represents  an  incomplete  ring  armature  coil,  the 
upper  portion  of  the  figure  showing  the  completed  coil.  The  coils  consist  of 
copper  wire,  well  covered ; the  number  of  turns  and  the  thickness  of  the  wre 
depend,  according  to  the  principle  already  explained,  upon  the  purposes  for 
which  the  machine  is  to  be  used. 

The  connection  of  the  coils  is  shown  in  the  figure ; the  end  of  one  coil 
and  the  commencement  of  the  one  next  to  it  are  soldered  to  copper  strips 
R,  which  are  bent  at  right  angles  and  protrude  on  the  other  side  of  the  ring. 
The  number  of  copper  strips  is  equal  to  the  number  of  coils  ; these  copper 
strips  together  form  a hollow  cylinder,  and  are  separated  by  insulating  sub- 
stances from  each  other.  In  the  middle  of  this  hollow  cylinder  the  steel  shaft 
is  fastened,  being,  of  course,  well  insulated.  The  space  between  the  copper 
strips  and  the  coils  is  taken  up  by  a wooden  ring.  To  conduct  away  the  currents 
induced  in  the  Gramme  ring,  two  wire  brushes  are  fastened  in  such  a manner 
that  they  slide  over  the  end  surfaces  of  the  cylinder  formed  of  the  copper  strips  R R. 

In  the  machine  shown  in  Fig.  244  the  ring  rotates  between  the  poles  of  a 
permanent  steel  magnet,  and  is  used  as  a model  for  laboratory  purposes  and  illus- 
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tration.  Machines  intended  for  practical  use  are  supplied  with  electro-magnets, 
in  place  of  the  permanent  magnet.  Such  machines  are  shown  in  Figs.  245,  246. 


Fig.  244.  — Gramme  Hand  Machine. 


Fig.  245.— Diagram  to  Illustrate  the  Theory  of  the  Gramme  Machine. 


Figure  245  is  a diagram  to  illustrate  the  principle,  r is  the  ring, 
" ich  consists  of  a bundle  of  copper  wires  wrapped  in  ten  sections,  the  ends  of 
each  of  the  ten  coils  being  joined  to  ten  strips  of  copper,  insulated  from  one 
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another,  and  fixed  round  the  axis,  a b,  forming  a split  tube  collector.  Each  strip 
of  copper  is  connected  with  adjacent  coils,  so  that  by  means  of  the  strips  there 
is  a continuous  connection  all  round  the  coils.  On  opposite  sides  of  the  shaft 
two  springs  or  brushes  i 2 press  against  the  copper  strips. 

Suppose  the  external  circuit  leading  to  the  lamps  removed,  and  the  terminals 
joined,  so  that  the  machine  is  short-ciraiited,  the  arrows  showing  the  direc- 
tion of  the  current.  The  current  produced  in  the  coil  R travels  to  the  brush  i, 


ng.  246. — Gramme  Generator  for  Lighting. 


from  I into  the  electro-magnet  Sj  b Nj,  thence  to  electro-magnet  n a s,  thence  to 
the  brush  or  spring  2,  and  back  to  the  coil.  In  the  coils  moving  round  the 
upper  half  of  the  ring  the  currents  go  forward  or  are  direct,  and  in  the  coils  in 
the  lower  half  of  the  ring  the  currents  are  inverse  ; but  the  reversal  of  the  con- 
tacts every  half  revolution  causes  the  current  in  the  external  circuit  and  the 
electro-magnets  to  be  continuous. 

Fig.  246  represents  a later  model;  its  length  is  25  inches,  height  21 
inches,  and  weight  800  lbs.  Another  form  of  machine  was  constructed  by 
Gramme,  of  such  shape  and  size  as  to  take  up  as  little  room  and  to  weigh 
as  little  as  possible.  This  is  shown  in  Fig.  247,  a and  b.  To  the  axis  a x 
the  ring  R is  fastened.  The  iron  cores  of  the  electro-magnets  e e consist  of 
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cylindrically  bent  iron  plates  which  have  coils  d d wound  round  them.  The 
portion  of  the  iron  cores  opposite  the  ring  are  cut  away  at  « j so  as  to  allow 
the  ring  to  rotate. 


Fig.  247. — Section  of  Gramme  Machine. 


Fig.  248. — The  Gramme  Machine  for  Electrotyping. 


For  electrotyping  purposes  Gramme  constructed  a machine  which  had  a 
double  ring  armature,  on  the  principle  already  described  in  connection  with 
Ladd  s machine.  The  currents  induced  in  one  of  the  armatures  tvere  employed 
for  the  electro-magnets,  the  currents  of  the  other  armature  for  doing  work.  With 
this  machine)  600  grammes,  or  1-3  lb.,  of  silver  were  separated  from  a solution 
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during  one  hour.  To  work  it,  one  horse-power  was  required  (one  horse-power 
= 33,000  foot-pounds  per  minute).  This  machine  was  superseded  by  the  one 
shown  in  Fig.  248,  which  presents  the  following  modifications : The  coils 
of  the  magnets  do  not  consist  of  copper  wires,  but  of  sheet  metal.  The 
uppermost  layer  is  exposed,  so  as  to  facilitate  radiation  of  heat,  and  to 
diminish  the  heating  of  the  machine.  Similarly,  in  the  coil  of  the  ring  arma- 


Fig-  249. — Larger  Gramme  Machine. 


ture  copper  bands  are  used  instead  of  copper  wires.  These  bands  are  stronger 
than  the  sheet  coils  of  the  electro-magnet,  because  they  have  to  resist  con- 
siderable centrifugal  force.  No  insulating  substance  is  employed  between  the 
different  groups ; but  care  is  taken  that  spaces  shall  be  left  between  them,  so 
that  air  may  enter,  and  serve  as  an  insulator.  The  reason  of  the  above 
arrangement  of  armature  and  electro-magnet  coils  for  electrolysis  and  electro- 
plating is,  that  the  quantity  of  current  produced  is  of  more  importance 
than  its  potential,  therefore  the  resistances  in  the  machine  ought  to  be  as 
small  as  possible.  This  machine  weighs  about  one-fcurth  of,  and  does  the 
same  amount  of  work  with  two-thirds  of  the  horse-power  required  for  the  first 
machine.  Fig.  249  represents  a machine  for  the  transmission  of  power,  in  which 
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the  electro-magnets  are  arranged  in  form  of  a double  cross,  and  (with  their 
pole-pieces)  almost  surround  the  ring.  The  working  of  these  and  similar 
machines  we  shall  consider  later  on. 

Flat  Ring  Machines. — In  the  early  days  of  the  development  of  electric 
lighting  an  important  part  was  played  by  a class  of  machines  having  ring 
armatures  with  connections  the  same  as  in  the  Gramme  armature,  but  having 
their  greatest  dimension  in  a radial  direction  instead  of  parallel  to  the  axis  of 
rotation.  In  other  words,  the  cross  section  of  the  Gramme  armature  shown  in 
Fig.  243  was  in  these  machines  turned  round  through  90°,  so  that  the  ring, 
instead  of  being  in  the  shape  of  a hollow  cylinder  with  its  length  greater  than  its 
thickness,  became  flattened,  and  assumed  more  the  shape  of  a disc  with  a large 
central  hole.  In  this  way  much  better  mechanical  connection  was  obtained 
with  the  driving  axle  than  could  be  obtained  by  the  Gramme  ring  with  its 
wooden  hub.  To  meet  the  requirements  of  this  new  form  of  armature  the  pole- 
pieces  of  the  field  magnets  were  modified,  being  hollowed  out  so  that  the  coils 
on  the  ring  in  some  machines  passed  entirely  inside  the  pole-piece  instead  of 
coming  opposite  to  it  as  in  Gramme’s  machines. 

The  best  known  of  the  machines  of  this  class  were  Schukert’s  and  Gulcher’s, 
each  of  which  will  be  found  fully  described  in  the  previous  edition  of  this  book. 
The  latter  is  interesting  as  being  one  of  the  first  machines  designed  for  running 
arc  lamps  in  parallel.  The  type  will  be  further  referred  to  later  on. 

The  Brush  Machine. — The  flat  ring  machine  by  Brush  differs  in  the 
construction  of  the  commutator  and  armature  from  those  just  referred  to, 
and  as  the  Brush  machine  is  typical  of  a large  class  of  machines,  it  will  be 
convenient  to  review  the  points  in  which  it  resembles  or  differs  from  others. 
For  this  purpose  we  shall  follow  the  account  which  has  received  the  approval  of 
the  Brush  Company,  and  which  was  first  published  in  Engineering. 

The  similarity  of  the  Brush  model  to  that  of  the  Gramme  machine  consists 
in  the  shape  of  the  annular  armature,  but  it  differs  in  the  arrangement  of  the 
wire  convolutions,  and  in  the  connections  of  the  various  divisions  among 
themselves.  The  annular  core  of  the  Gramme  armature  is  entirely  covered  by 
its  bobbins,  which  are  electrically  connected  with  one  another,  so  as  to  form 
one  closed  circuit.  In  the  Brush  machine  the  bobbins  are  separated  by  com- 
paratively large  sections  of  the  core,  which  at  those  points  are  purposely 
thickened. 

Again,  its  armature  being  a ring  in  form,  not  entirely  overwound  with 
coils,  but  having  projecting  teeth  between  the  coils,  is,  as  we  have  said,  like 
the  Pacinotti  ring.  But  though  it  thus  resembles  Pacinotti’s  ring,  it  differs 
from  It  as  much  as  that  ring  differs  from  the  armatures  of  Siemens  and  Gramme ; 
for  in  all  those  the  successive  section^  are  united  in  series  all  the  way  round, 
and  constitute,  in  a sense,  one  continuous  bobbin.  But  in  the  Brush  armature 
t ere  is  no  such  continuity.  The  coils  are  connected  in  pairs,  each  to  that 
lametrically  opposite  it,  and  adjacent  coils  are  carefully  insulated  from  one 
another.  For  each  pair  of  opposite  coils  there  is  a separate  commutator,  so 
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that,  for  the  ordinary  ring  of  eight  coils,  there  are  four  distinct  commutators 
side  by  side  upon  the  axis— one  for  each  pair  of  coils.  The  brushes  are 
arranged  so  as  to  touch  at  the  same  time  the  commutators  of  two  pairs  of  coils, 
but  never  of  two  adjacent  pairs  ; the  adjacent  commutators  being  always  con- 
nected to  two  pairs  of  coils  that  lie  at  right  angles  to  one  another  in  the 
ring. 

It  is  this  difference  from  the  Pacinotti  and  the  Gramme  rings  which  con- 
stitutes the  similarity  between  the  Brush  armature  and  that  of  M.  de  M^ritens ; 
but  the  Brush  machine  differs  in  all  other  essential  respects  from  the  latter 
machine,  in  the  disposition  of  its  coils,  in  its  method  of  connection,  in  the 
method  and  arrangement  of  the  magnetic  field,  and  in  the  continuous  nature 
of  its  current.  The  Brush  machine  also  differs  from  the  Gramme  generator  in 


■Fig-  250. — The  Brush  Machine. 


the  disposition  of  its  field  magnets,  and  the  relative  positions  of  the  revolving 
coils  and  the  magnetic  field.  We  will  now  briefly  describe  these  points  in 
detail. 

The  ring  is  divided  up  into  as  many  sectors  as  there  are  bobbins  to  be 
wound  by  a number  of  rectangular  depressions  or  grooves ; in  these  the  coils 
of  insulated  copper  wire  are  wound  until  the  groove  is  filled  up,  and  the  flat 
converging  recesses  become  flush  with  the  face  of  the  intermediate  thicker 
portions  or  pole-pieces  by  which  they  are  separated  from  one  another.  The 
intermediate  thicker  portions  of  the  ring  are  grooved  out  by  a series  of  deep 
concentric  grooves,  the  object  of  which  is  partly  to  reduce  the  mass  and 
lessen  the  weight  of  the  revolving  armature,  partly  for  the  purpose  of  ventilating 
the  ring,  and  thus  carrying  away  a portion  of  the  heat  generated  by  the  working 
of  the  machine,  but  chiefly  for  the  localisation  and  isolation  of  local  currents 
generated  by  induction  in  the  iron,  and  which  would  tend  not  only  to  reduce 
the  efficiency  of  the  machine  by  diminishing  the  magnetic  capacity  of  the 
armature,  but  also  to  produce  a heating  of  the  ring,  and  therefore  of  the  coils, 
whereby  a portion  of  the  current  would  be  lost  through  their  resistance  being 
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increased.  For  a similar  reason  the  periphery  of  the  ring  is  grooved  out 
deeply,  so  as  almost  to  sever  the  ring;  by  this  means  all  cross-currents  are 
effectually  cut  off,  and  induction  currents  are  compelled  to  flow  in  directions 
which  are  not  detrimental  to  the  efificiency  of  the  machine.  This  again  increases 
the  area  of  radiating  or  cooling  surface,  and  consequently  helps  to  prevent 
the  armature  becoming  over-heated  (Fig.  251). 

The  two  sides  of  each  groove,  and  therefore  of  each  coil  of  wire,  are 
parallel  to  the  centre  line  or  radial  plane  of  the  coil,  and,  by  the  adoption 


Fig.  251.  — Armature  of  the  Brush  Machine. 


of  that  form  of  bobbin,  one  of  the  practical  difficulties  in  the  winding  of  annulai 
armatures  of  the  ordinary  form  is  avoided.  All  the  coils  are,  like  those  in 
the  Gramme  machine,  wound  in  the  same  direction. 

The  inner  end  of  each  of  the  coils  is  connected  by  a wire  to  the  inner 
end  of  the  corresponding  coil,  at  the  opposite  end  of  the  same  diameter  of 
the  ring,  and  the  outer  ends  of  all  the  coils  are  brought  through  the  shaft  of 
the  machine,  and  are  connected  to  corresponding  portions  of  the  commutator, 
where  the  currents  are  collected  by  suitably-placed  copper  plates  or  brushes. 

The  commutator,  w'hich  is  attached  to,  and  rotates  with,  the  driving-shaft 
of  the  machine,  consists  of  a set  of  separate  copper  rings  or  flat  cylinders, 
of  which  there  are  as  many  on  the  shaft  as  there  aie  pairs  of  coils  on  the 
armature,  and  each  of  these  cylinders  consists  of  two  segments  s s (Fig.  252),  in- 
sulated from  one  another  on  one  side  of  the  shaft  by  a small  air-space  about  one- 
eig  1 1 of  an  inch  wide,  and  on  the  other  by  a piece  of  copper  t,  separated  from  the 
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Fig.  252. — Brush’s  Commu- 
tator Ring. 


segments  by  two  smaller  air-spaces.  The  object  of  the  copper  insulating  piece 
(Fig.  252)  is  to  separate  the  flat  copper  brushes  or  collectors,  which  press  upon 
the  periphery  of  the  commutator,  from  the  segments  during  the  interval  occu- 
pied by  one  pair  of  coils  in  passing  through  the  neutral  portion  of  the  magnetic 
field ; this  occurs  twice  in  each  revolution  of  the  armature,  and  therefore  of 

the  commutator.  At  the  time  when  any  pair  of 
bobbins  is  in  this  way  cut  out  of  the  general  circuit, 
their  own  circuit  is  open,  so  that  no  current  can 
circulate  or  be  induced  in  them.  By  this  most 
ingenious  arrangement  each  pair  of  coils  has  a cur- 
rent passing  through  it  for  only  75  per  cent,  of  the 
time  the  machine  is  running ; to  this  is,  in  a great 
measure,  due  the  very  small  development  of  heat  in 
the  working  of  the  Brush  machine,  and  it  presents 
also  another  important  element  of  efficiency,  namely, 
that  each  pair  of  bobbins  as  it  passes  the  neutral 
portion  of  the  magnetic  field,  and  is  therefore  in- 
capable of  doing  work  and  contributing  electro- 
motive force  to  the  general  current,  is  itself  cut  out  of  the  circuit,  and 
thus  two  causes  operating  against  the  efficiency  of  the  machine  are  elimi- 
nated : the  first  is  one  common  to  most  armatures  which  have,  like  that 
in  the  Gramme  machine,  a permanently-closed  circuit,  namely,  that  the 
currents  generated  in  the  bobbins  have  two  routes  open  to  them,  the 
one  through  the  conductors  and  commutators  to  the  brushes,  and  the 
other  through  the  idle  bobbins,  and  thus,  by  a species  of  short-circuiting, 
robbing  the  external  circuit  of  some  of  its  current.  The  other  cause  of 
inefficiency,  which  is  avoided  in  the  Brush  machine,  is  the  reduction  of  its 
internal  resistance  by  an  amount  equal  to  the  resistance  of  two  of  the  bobbins. 
A certain  amount  of  resistance  is  unavoidable  even  when  belonging  to  coils 
which  are  doing  work  and  contributing  electromotive  force  to  the  general 
current,  but  it  becomes  a purely  wasteful  element  when  belonging  to  coils 
which  are  idle,  for  in  that  case  it  diminishes  the  current  supplied  by  the  active 
coils,  while  at  the  same  time  contributing  no  current  of  its  own  in  compensation. 

Another  important  feature  of  the  Brush  machine  is  the  arrangement  of  the 
magnets  by  which  the  magnetic  field  is  produced,  and  by  which  the  armature 
coils  are,  during  their  revolution,  almost  continually  passing  through  a very 
intense  magnetic  field.  Upon  reference  to  Fig.  250  it  will  be  seen  that  the 
armature  ring  is  closely  embraced  on  each  side  by  the  large  horizontal  electro- 
magnets, whose  poles  are  expanded  so  as  to  be  presented  to  three  of  the 
armature  coils  on  each  side,  leaving  one  pair  of  coils  free  from  their  direct 
influence,  and  this  is  the  pair  which  is  passing  through  the  neutral  region  of  the 

magnetic  field.  . 

For  the  sake  of  adjusting  the  brushes,  so  as  to  make  contact  with  the 

commutators  at  the  most  effective  angular  position  with  respect  to  the  magnetic 
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field,  they  are  mounted  to  the  opposite  ends  of  two  rocking  levers,  which  are 
capable  of  oscillating  on  the  driving-shaft,  and  can  be  fixed  in  any  desired 
position  by  means  of  a set  screw,  which  clamps  a stout  wire  rising  from  the 
base  of  the  machine.  The  currents  are  conveyed  from  the  brushes  by  wide 
strips  of  thin  sheet  copper,  shown  in  the  general  view,  and  in  order  to  allow 
for  the  variable  distance  of  the  free  ends  of  the  brushes  from  the  base  of 
the  machine,  they  are  made  undulating  or  wavy,  doubling  up  as  the  distance 
is  shortened,  and  stretching  out  when  it  is  increased. 

The  connections  of  the  Brush  machine  may  be  seen  in  Fig.  253.  The  bobbins 
Aj  and  Aj  are  two  opposite  coils,  connected  to  a slit  collar.  Each  pair  of  opposite 
coils  are  similarly  connected  with  their  own  collar,  and  all  the  collars  are  grouped 


Fig.  253.— Diagram  to  illustrate  the  Theory  of  the  Brush  Machine. 


in  two  sets,  forming  the  commutators  Cj  Cg;  a^  and  a^  are  connected  with  the  first 

collar,  A3  and  a^  with  the  second,  a„  and  Ag  with  the  third,  and  and  Ag  with  the 

fourth.  The  collars  i and  2 form  the  first,  and  the  collars  3 and  4 the  second 

commutator.  The  upper  brush  of  the  first  and  the  lower  of  the  second  commu- 

magnets,  the  others  to  the  outer  circuit.  When  the 

bobbins  Ai  A.  are  passing  between  the  poles  of  the  magnets,  the  current  passes 

^ follows  : Starting  from  the  bobbin  a^,  it  passes  to  q,  thence  through  the 

brush  to  the  electro-magnets  Sj  Sg  in  order,  and  then  back  to  b.  and 

e commutator  Cg,  thence  through  the  brush  B3  to  the  external  circuh  for 

gbUng,  thence  to  b^  and  commutator  q to  a-,  and  back  to  a. 

sixteen-light  machines,  as  formerly  con- 

contr  hm  T coils  of  the  armature 

Sout  I 1,  ‘ and  the  magnet  coils 

SnSlc  r ’ " “ ® 'he  connections, 

conductors,  contacts,  etc.,  within  the  machine  being  inconsiderable. 
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Ihe  i6-light  machine  ran  at  770  revolutions  per  minute,  and  fed  16  arc 
lamps  requiring  15^  horse^power  (i  h.p.  = 33,ooo  ft.-lbs.  per  minute) ; the  e.  m.  f. 
was  839  volts  ; and  the  strength  of  current,  10  amperes.  Machines  were  also  con- 
structed of  greater  dimensions,  for  instance,  for  40  lamps,  requiring  35  horse-power. 


Fig.  254. — The  Biirgin  Machine. 


Fig.  255. — Section  of  the  Biirgin  Machine. 


The  Biirgin  Machine. — We  shall  next  describe  the  Biirgin  machme 
(Figs.  254  and  255),  the  armature  of  which  in  form  lies  between  the  ring  ar- 
mature and  the  drum  armatures  to  be  subsequently  described.  The  form  and 
arrangement  of  the  electro-magnets  are  similar  to  those  in  Siemens’  dynamo- 
electric  machines.  The  armature,  however,  consists  of  a number  of  Gramme 
rings.  The  upper  figure  (Fig.  254)  represents  a perspective  view, 
and  the  lower  one  a section  of  this  machine.  The  framework  consists 
of  strong  pieces  of  cast-iron,  which  form  the  cores  of  the  electro-magnets, 
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and  at  the  same  time  give  stability  and  solidity  to  the  machine.  These 
cores  are  wound  over  with  copper  wire  c c,  except  in  the  middle  of  the 
machine,  where  they  assume  the  form  of  hollo  wed-out  pole-pieces  sn.  Within 
the  cylindrical  space  formed  by  the  pole-pieces  the  armature  w turns  on  a 
norizontal  axis  d,  between  the  two  magnetic  poles. 

The  bobbins  are  spindle-shaped,  as  will  be  seen  in  the  section  at  ff.  Six  of 
these  bobbins  are  placed  end  to  end  round  the  shaft,  so  as  to  form  a hexagon. 
About  eight  of  these  hexagons  are  arranged  side  by, side  on  the  shaft,  the  coils 
being  fi.xed  by  the  spokes  d to  the  cylinder  m that  turns  on  the  shaft  d.  The 
cores  of  the  bobbins  are  formed  of  iron  wire  stretched  over  the  ends  of  the 
spokes.  The  coils  of  one  hexagon  are  placed  a little  in  advance  of  those  of  the 
last,  so  that  the  vertices  of  the  hexagons  are  situated  on  spirals.  The  coils  are  so 
wound  on  the  cores  that  their  outer  circumferences  form  nearly  arcs  of  circles. 

The  machine  shown  in  the  diagram  has  eight  six-sided  rings,  i.e.  = 8x6 
= 48  coils.  All  the  coils  are  so  arranged  that  one  wire  terminal  of  each  coil  in 
the  first  ring  leads  to  a segment  of  the  commutator  ; the  remaining  ends  of  these 
coils  are  connected  with  the  commencements  of  the  nearest  coils  in  the  second 
ring;  at  the  same  time  from  these  junctions  wires  lead  to  the  segments  of  the 
commutator.  The  mode  of  joiriing  the  coils  in  the  same  ring  is  similar  to  that 
of  the  Gramme  rings.  The  currents  induced  in  the  armature  are  conveyed  to  the 
external  circuit  by  the  brushes  z,  which  are  pressed  against  the  commutator  by 
means  of  springs.  In  consequence  of  the  induction  of  one  coil  on  the  others, 
the  rings  in  later  machines  have  been  alternated  instead  of  being  placed  in  a 
continuous  spiral.  In  more  recent  Biirgin  dynamos,  four  hexagonal  rings  with 
a twenty-four  part  collector  were  used. 

The  Biirgin  machine  was  taken  in  hand  in  this  country  by  Messrs.  Crompton 
& Co.,  and  by  successive  alterations  and  improvements  became  the  parent  of 
some  of  the  most  efficient  dynamos  of  the  present  day.  Some  of  these  will  be 

described  m due  course.  We  pass  now  to  the  description  of  one  of  the  earlier 
American  machines. 

The  Hochhausen  Machine— The  Excelsior  Electric  Company,  of 
ew  York,  constructed  machines  on  the  Gramme  principle,  which  found  favour 
m America,  and  which  had  two  special  features.  First,  the  frame  and  standards 
were  utilised  as  much  as  possible  in  the  production  of  the  magnetic  field  • and 
secondly,  the  armature  was  wound  in  sections,  looped  together  and  connected 
0 a commutator,  containing  a segment  for  each  section. 

The  framework  is  an  upright  case,  consisting  of  two  thick  plates  of  iron,  cast 
P^ece  With  the  base  and  top,  and  bent  or  expanded  outward  at  the 
middle  as  If  to  make  room  for  the  armature.  It  is  connected  with  the  field 

of  ^hat  is  called  a tubular  magnet,  and  thus 
the  magnetic  effect  produced  by  the  coils  on  the  outer  frame  is  added  to  that 
p oduced  in  the  cores  which  are  actually  inside  the  coils. 

wider  cylindrical  or  widened  Gramme  ring  form,  much 

usua , in  this  respect  resembling  some  German  machines.  The 
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core  is  made  in  sections,  and  thus  the  troubles  incident  to  winding  the  coils  on 
a continuous  ring  are  avoided.  1 his  core  is  made  of  a number  of  thin  iron  ring- 


Fig.  256. — Core  of  Hochhausen  Armature. 


Fig-  257. — Single  Coil  of  Hochhausen  Armature. 


discs  placed  close  together,  each  disc  being  made  of  four  pieces.  The  quarter- 
discs  are  all  punched  alike  out  of  thin  sheet  iron,  about  one-sixteenth  of  an 
inch  thick.  Their  shape  and  method  of  fastening  together  are  shown  in  Fig.  256. 
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A marked  advantage  m this  manner  of  constructing  the  armature  is  that 
the  sections  or  coils  of  wire,  of  which  there  are  four  on  each  quarter-disc,  there- 
fore sixteen  on  the  entire  ring,  can  be  wound  separately  in  a mould  bobbin. 
Not  only  is  the  winding  more  easily  done,  but  the  chances  of  its  being  faulty  are 
much  diminished,  and,  above  all,  the  insulation  can  be  properly  attended  to. 
When  the  coils  are  thus  wound,  they  are  slipped  on  to  their  places  on  the 
quarter-ring ; and  the  quarter-rings  thus  separately  furnished  are  then  screwed 
together  as  a whole.  Fig.  257  represents  one  of  the  sections  ready  to  be  slipped 
on  the  armature  core,  and  Fig.  258  one  half  of  the  core,  with  its  coil  sections  in 
place.  The  core  sections  are  connected  to  each  other  so  as  to  form  a ring 
by  means  of  screws,  which  join  , the  contiguous  flat  transverse  pieces  together. 
The  holes  for  these  screws  are  shown  near  the  ends  of  the  flat  pieces  in 
Fig.  256. 

The  Alteneck  Drum  Machine.— The  characteristic  feature  common  to 
all  the  dynamo-electric  machines  we  have  hitherto  described  is  the  Pacinotti 
or  the  Gramme  ring ; we  will  now  consider  those 
machines  which  have  a drum  armature  instead 
of  the  ring.  The  best  type  of  these  machines  is 
the  drum  machine  by  Siemens,  which  has  a 
drum  armature  of  a kind  constructed  by  Hefner 
von  Alteneck,  of  the  firm  of  Siemens  and  Halske. 

The  electro-magnets  E and  E^  (Fig.  259)  are 
generally  shaped  and  connected  with  a double 
magnetic  circuit,  as  shown  in  the  figure — 
that  is  to  say,  if  the  machine  is  placed  in  a 
vertical  position  as  indicated  in  Fig.  259,  the 
two  parts  of  the  electro-magnet  e form  one 
horse-shoe  magnet,  and  the  two  parts  of  E|  a 
similar  magnet  having  its  N pole  opposite  the 
N pole  of  E,  and  its  s pole  opposite  the  s of  e. 

The  similar  poles  of  e and  Ej  are  connected  by 
soft  iron  pole-pieces,  so  that  the  poles  of  the 
compound  magnet  thus  formed  lie  at  the  middle 
of  these  pole-pieces  s and  n,  which  in  two  arcs 
surround  the  drum  armature.  When  the  drum 

rotates,  currents  induced  in  the  bobbins  are  conducted  into  the  coils  of  the 
electro-magnets. 

Alteneck  drum  is  a distinct  type  of  armature,  we  will  describe  it,  as 
v^e  did  he  Gramme  ring,  at  length.  It  differs  from  the  ring  in  the  fact  that 
r . , ^ ' oent  coils  revolve  about  a diameter,  and  not  about  a line  independent 
0 themselves.  In  this  respect  it  resembles  the  cylindrical  armature  of  Siemens, 

fact  proportion  of  breadth  to  length,  and  in  the 

groove  * entirely  wound  with  wire  instead  of  being  simply  wound  in  the 


El 

Fig.  259. — Diagram  of  Drum 
Machine. 
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'I’he  drum  armature  usually  consists  of  a hollow  cylinder,  which  rotates 
with  the  shaft,  and  round  which  the  wires  are  wound  parallel  with  the  axis 
of  rotation.  Travelling  poles  are  induced  in  the  cylinder  during  its  rotation, 
as  in  the  case  of  the  Gramme  ring,  and,  as  the  interval  between  the  poles  of 
the  magnets  and  the  armature  is  very  small,  the  coils  move  in  a field  of  high 
intensity. 

To  explain  the  mode  of  winding  the  wire  of  the  drum,  let  us  suppose  the 
shaft  that  carries  the  iron  core  to  have  arranged  round  it  near  its  end  a 
number  (12  for  instance)  of  pieces  of  brass  or  copper  properly  insulated  from 
the  shaft,  and  from  one  another.  These  portions  of  brass  will  form  the 
collector.  Let  us  suppose  the  winding  to  begin  from  one  of  the  segments 
of  the  collector.  When  the  wire  leaves  the  segment  under  consideration,  let 
it  run  to  the  circumference  on  the  front  of  the  cylinder,  then  let  it  run  parallel 
to  the  axis  along  the  cylinder ; again  let  it  cross  the  back  of  the  cylinder,  and 
run  along  the  opposite  side,  and  finally  let  i*-  be  connected  with  another  segment 
of  the  collector.  This  element  of  the  coil  will  therefore  be  a rectangle,  which 
will  revolve  about  a diameter  oarallel  to  its  longer  sides ; all  these  rectangles 

will  cross  at  the  same  point  in  the 
side  remote  from  the  collector.  During 
the  rotation,  one  half  of  such  a rect- 
angular coil  will  be  exposed  to  the 
influence  of  the  north  pole  of  the  in- 
ducing field  magnets,  and  the  other 
half  will  be  exposed  to  the  influence 
of  the  south  pole ; in  other  words, 
the  side,  a b will  cut  the  lines  of  force 
between  N N and  s s in  one  direction, 
and  the  side  ^will  cut  them  in  the  other  direction  ; accordingly  currents,  of  oppo- 
site directions  as  regards  space,  will  be  generated  in  the  halves  of  the  rectangle. 
For  instance,  \ia  bed  (Fig.  260)  be  the  rectangle,  as  in  the  diagram  adjoining,  in 
the  lower  half  of  the  wire  the  current  will  flow  from  left  to  right,  or  from  c to 
whilst  in  the  upper  half  it  will  be  directed  from  right  to  left,  or  from  a to  yet 
both  together  will  form  a current  of  the  same  direction  abed  round  the  rectangle. 
As  the  drum  rotates,  however,  that  half  of  the  coil  which  at  one  moment  was  at 
the  top,  or  point  nearest  the  pole  n n,  will,  after  a semi-revolution,  form  the 
lower  half,  and  be  nearest  to  the  pole  s s.  In  other  words,  during  every  half- 
revolution of  a coil,  each  half-turn  of  wire  gets  once  into  the  position  in  which 
it  cuts  the  lines  of  force  at  right  angles,  and  once  into  the  position  in  which  it  is 
moving  parallel  to  the  line  of  force.  The  current  will  be  reversed  immediately 
after  the  two  sides  of  the  coil  have  passed  these  neutral  points,  which  are 
equi-distant  from  the  north  and  south  poles. 

We  have  next  to  consider  how  the  elementary  rectangles  are  combined. 
The  winding  is  arranged  so  as  to  secure  the  following  conditions  : i.  The 
elementary  rectangles  are  connected  in  series  so  as  to  form  a continuous 
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Fig.  260. — Principle  of  Drum-Winding. 
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coil,  when  they  are  so  placed  that  the  currents  generated  in  them  would  have 
the  same  direction  as  regards  the  coil ; (2)  the  ends  of  these  coils  torrned  of 
elementary  rectangles  are  connected  with  the  collectors  so  as  to  conduct  all 
currents  of  one  direction  simultaneously  to  one  terminal,  and  all  currents  of  the 
opposite  direction  to  the  segment  diametrically  opposite  to  the  former.  The 
coils  are  therefore  coupled  in  parallel.  The  elementary  rectangles  of  any 
coil  are  coupled  in  series,  but  the  coils  themselves  are  coupled  in  parallel 
or  multiple  arc. 

In  Fig.  241  we  have  already  shown  how  it  is  possible  to  obtain  a direct 
current  by  connecting  the  conducting  wires  with  the  respective  segments.  The 
method  of  conducting  the  current  away  is  accordingly  exactly  the  same  in  the 
alternative  drum  generator  as  that  employed  in  the  Gramme  generator  : that  is, 
the  conducting  wires  are  alwa)s  in  contact  with  the  two  metallic  segments  of 
the  commutator  in  w'hich  the  currents  meet,  and  through  the  revolution  of 
the  drum  all  the  commutator  segments  come  into  this  position  in  turn. 

This  double  arrangement  of  rectangles  in  series  to  form  coils,  and  of  coils  in 
parallel  or  multiple  arc,  is  ingeniously  attained  by  von  Alteneck’s  method  of 
connecting  the  segments  of  the  commutator  or  collector  at  each  instant. 

To  trace  the  current  through  a set  of  elementary  rectangles,  which  at  a 
particular  moment  are  connected  in  series,  let  us  now  refer  to  the  diagrammatic 
representation  as  shown  in  Fig.  261.  While  one  half  of  each  coil  is  ap- 
proaching the  south  pole  s,  the  other  half  of  the  coil  approaches  the  north  pole 
N,  and  therefore  currents  of  opposite  directions  are  induced  in  the  two  halves. 
But  each  coil  bends  back  at  o,  the  strands  on  one  side  running  opposite  to 
those  of  the  first ; it  follows  that  the  currents  on  the  two  sides,  though  oppo- 
site as  regards  space,  have  the  same-  direction  as  regards  the  wire.  Each  side 
of  the  coils  for  every  complete  revolution  of  the  drum  approaches  the  north 
pole  once  and  the  south  pole  once,  therefore  currents  of  opposite  direction 
will  be  induced  in  each  coil  successively,  but  these  are  turned  in  the  same 
direction  in  the  outer  circuit  by  means  of  a commutator.  There  are  four  such 
groups  of  coils,  indicated  in  Fig.  261  by  the  curves  c o d,  d 'j  o f e,  e i' 
0 I / / 4'  o 4 The  thick  lines  a,  b,  c,  d,  e,  f,  g,  h represent  the  insulated 
portions  of  the  commutator.  The  arrow  at  s shows  the  direction  of  rotation  of 
the  cylinder,  the  remaining  arrows  indicate  the  direction  of  the  currents.  The 
currents  connecting  the  points  22',  33',  66'  and  88'  are  left  out,  to  simplify 
description. 

Let  us  consider  now  the  several  coils  and  the  induction  phenomena  that 
happen. 

(1)  The  coils  which  start  from  5'  and  7'  towards  o approach  the  south  pole 
s ; they  will  have  induced  currents  of  a certain  direction,  indicated  in  the  dia- 
gram as  that  from  the  points  towards  the  commutator. 

(2)  The  coils  starting  from  i and  4 move  away  from  the  south  pole. 
This  would  cause  induced  currents  opposite  in  direction  to  the  former,  if  the 
same  face  of  the  coil  were  presented  to  the  polej  but  the  sides  of  the  coils 
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that  are  presented  to  the  south  pole  s have  also  changed.  The  currents 
therefore,  will  again  flow  from  the  points  i and  4 towards  the  commutator.  An 
Illustration  may  make  this  clearer.  Assume  a person  to  be  approaching  a 
looking-glass  ; the  person  and  his  image  approach  each  other,  i.e.  they  move  in 
opposite  directions,  although  both  person  and  image  move  face  forward.  It 
follows  that  the  direction  of  forward  motion  for  the  image  is  the  direction  of 
backward  motion  of  the  person  in  relation  to  a point  outside.  The  same  thing 
takes  place  with  the  currents  at  s.  The  coil  is  turned  round  as  regards  the 
pole,  and  the  effects  of  the  magnet  above  and  below  are  relatively  reversed.  The 
effect  of  the  double  change  is  that  the  currents  above  and  below  s will  have 
the  same  direction.  Precisely  the  same  kind  of  double  change  was  explained 
in  connection  with  the  Gramme  machine  on  page  256,  both  by  Ampere’s  and  by 
Maxwell’s  rules. 


(3)  The  currents  in  coils  starting  from  5 and  7 flow  opposite  to  the  currents 
in  7',  because  they  approach  the  north  pole,  whilst  the  currents  in  7'  approach 
the  south  pole  ; the  direction,  then,  will  be  from  the  collector  backwards. 

(4)  The  coils,  starting  at  i'  and  4',  move  away  from  the  north  pole,  and  their 
currents  will  therefore  be  oppositely  induced  to  the  currents  in  5'  7' ; but  the  coils 
in  T and  4'  are  placed  in  the  opposite  position  ; it  follows  that  the  currents  then  of 
I 'and  4'  will  have  the  same  direction  as  those  of  5 and  7,  i.e.  from  the  collector  back- 
wards. Currents  then  which  have  the  direction  “from  the  commutator”  will  be  in- 
duced in  the  coils  which  start  from  4'  i'7  and  5 ; currents  with  the  direction  “towards 
the  commutator  ” will  be  induced  in  the  coils  starting  from  5'  7'  i and  4.  A change 
of  current  takes  place  then  between  5'  and  4',  also  between  4 and  5,  for  every 
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coil  that  comes  in  this  position.  The  straight  line  + — between  these  two 
points  stands  at  right  angles  to  the  straight  line  N s.  The  arrangement  of  the 
commutator  causes  the  currents  to  be  turned  in  one  direction  in  the  outer 
circuit.  Starting  from  the  mark  - , if  we  follow  the  direction  of  the  currents  over 
^50  5'^  7 o 7'<?i'oi  /4'  o 4^  to  the  mark  +,  we  find  all  these  turns  are 
parts  of  the  same  closed  circuit.  The  same  holds  good  for  the  coils  which  start 
at  the  points  6' 8'  2 and  3 ; 3'  2'  8 and  6.  The  induced  currents  flowing  through 
the  former  coils  wdll  be  in  the 
direction  “ towards  the  collec- 
tor,” while  currents  in  the  latter 
coils  will  have  the  direction 
“from  the  commutator.”  The 
connection  of  the  several  coils 
with  the  portions  of  the  collec- 
tor again  give  a closed  circuit, 
which,  starting  at  -,  passes  over 
f3'o3^2'o  2 a 80  8' ^60 
6'  g,  and  ends  at  -f . 

Fig.  262  shows  the  collector, 
with  its  connections,  but  without 
the  coils  parallel  to  the  axis.  The 
different  points  have  the  same 
letters  and  numbers  as  in  Fig. 

261.  The  last-mentioned  circuit 
is  represented  by  the  dotted 
lines  in  the  figure.  The  com- 
mutator is  so  arranged  that  at 
c and  g currents  of  the  same 
direction  meet,  which  would 
destroy  each  other  if  the  wires  Fig.  262. — Diagiam  of  Collectors. 

-f  and  — were  not  placed  at 

those  points  so  as  to  conduct  the  current  into  the  outer  circuit.  The  position 
of  the  brushes  is  regulated  by  the  same  considerations  as  have  already  been 
described  in  connection  with  the  Gramme  machine. 

The  simplest  form  of  the  drum  armature  when  completed  is  shown  in 
Fig.  263.  An  iron  cylinder  s s-^  n is  fastened  upon  the  steel  axis  c c,  which 
is  movable  in  the  bearings  Fg.  Insulated  copper  wire  is  w^ound  round  the 
cylinder  longitudinally,  the  ends  e e being  carried  to  the  commutator  py  n 
and  s .Sj  represent  the  sections  of  the  magnetic  poles.  The  magnetic  poles  are 
cylindrical  arcs  as  regards  shape,  and  surround  the  drum  for  more  than  two- 
thirds  of  its  circumference.  They  influence  the  iron  core  by  induction,  and 
convert  it  into  a powerful  transverse  magnet.  The  magnetic  poles  and  the  iron 
core  form  two  powerful  magnetic  fields,  oppositely  polarised  in  the  space  between 
t em,  in  which  the  coils  rotate,  whilst  the  cylindrical  iron  core  may  either  be 
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fixed  or  movable.  If,  however,  the  coils  are  wound  round  the  cylinder  itself, 
the  same  deviation  of  the  polarities  in  the  direction  of  rotation  takes  place 
as  was  described  in  connection  with  the  preceding  diagrams. 

From  the  description  of  the  construction  of  the  drum  armature,  it  will 
easily  be  perceived  that  the  inducing  action  of  the  magnets  is,  as  we  have  said, 
more  completely  utilised  in  Siemens’  generators  than  in  Gramme’s.  For  all 
parts  of  the  wire  coils  of  the  armature  move  in  magnetic  fields,  and  no 
portion  is  situated  inside  the  cylinder.  Hence  there  is  no  idle  wire  except  that 
which  crosses  the  ends  of  the  cylinder.  In  order  to  prevent  the  heating  of  the 
iron  cylinder  (which  occurs  in  machines  for  generating  large  currents  of 
electricity,  in  consequence  of  the  Foucault  currents  in  the  undivided  metallic 
mass  moving  in  the  magnetic  field),  Siemens  and  Halske  have  constructed 
generators  in  which  the  iron  core  of  the  drum  is  fixed,  and  only  the  wire  coils 
rotate  in  the  magnetic  field.  In  these  generators  the  armature  coils  are  wound 


Fig.  263. — The  Drum  Armature. 


on  a drum  consisting  of  a sheet  of  German  silver,  which  rotates  round  the  iron 
drum,  at  a little  distance  from  it,  and  from  the  enclosing  magnetic  poles.  The 
construction  of  such  a machine  is  more  complicated  than  that  of  a machine 
in  which  the  core  of  the  armature  rotates  as  well  as  the  coils,  and  owing  to  the 
small  space  between  the  poles  and  the  drum,  requires  to  be  made  mth  great 
exactness.  The  stationary  magnets  in  all  the  larger  drum  dynamos  obtain  their 
currents  from  the  armature ; and  in  these  machines,  when  the  current  is  open, 
only  so  much  power  is  required  to  drive  the  machine  as  will  overcome  the 
friction  of  the  bearings  ; but  when  the  circuit  is  closed — as,  for  instance,  when 
a lamp  is  inserted — the  coils  are  inductively  affected  by  the  small  trace  of 
residual  magnetism  in  the  stationary  magnets,  and  currents  immediately  arise 
in  these  coils,  and  gradually  increase  as  the  speed  increases.  These  currents 
further  strengthen  the  electro-magnets,  which  in’  turn  induce  stronger  currents 
in  the  armature,  and  so  on  until  the  maximum  of  power  and  current  is 
reached. 

The  chief  defects  of  the  early  drum  armatures  were— 

T.  The  heating  of  the  machine,  particularly  when  the  core  of  the  armature 
rotates  with  the  coils.  The  temperature  of  the  armature  in  this  case  rises  more 
rapidly  than  that  of  the  field  magnets. 

2.  Any  irregularity  in  the  outer  circuit— as,  for  instance,  in  a lamp  that  is  in 
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use — causes  the  formation  of  strong  sparks  at  the  brushes,  and,  therefore,  a more 
rapid  wearing  away  of  the  collector  and  brushes. 

3.  The  convolutions  made  in  the  winding,  according  to  the  plan  of  Hefner 
von  Alteneck,  have,  further,  the  disadvantage  of  being  unsymmetncal,  and, 
consequently,  difficult  to  wind.  This  unsymmetrical  form  also  favours  the 
production  of  sparks  at  the  collector,  in  consequence  of  the  absence  of  electrical 
equilibrium  on  opposite  sides  of  the  armature,  or  in  the  bobbins  connected  by 
means  of  the  segments  of  the  collector.  This  .defect,  however,  has  been 
remedied  lately  by  the  adoption  of  a plan  of  winding,  invented  by  Frohlich, 
which  secures  that  the  connections  of  the  bobbins  with  the  segments  of  the 
commutator  shall  be  symmetrical. 


Fig.  264  — Siemens’  Drum  Machine. 


Siemens’  Drum  Dynamo. — Drum  machines  have  been  constructed,  of 
different  shapes  and  sizes,  by  the  firm  of  Siemens  and  Halske.  The  one  repre- 
sented in  Fig.  264  is  intended  to  be  driven  by  a motor.  The  vertical  stands 
F Fj  carry  the  bearings  for  the  shaft  c which  carries  the  drum.  The  steel 
magnets  m m are  shaped  like  the  letter  V,  but  have  pole-pieces  of  the  cylindrical 
arc  form  already  described.  These  magnets  are  so  arranged  that  all  their  north 
poles  at  N N and  their  south  poles  at  s stand  diametrically  opposite.  Such  an 
arrangement  produces  strong  magnetic  fields  having  powerful  induction  effects 
upon  the  rotating  drum.  The  commutator  shown  at  is  made  of  brass 
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bars  on  a cylinder  of  insulating  material ; it  is,  therefore,  of  the  split  tube  kind. 
It  collects  the  currents  of  the  same  direction,  and  conducts  them  by  the  brushes 
R R^  into  the  outer  circuit  l 

For  lighting  or  electro-chemical  purposes,  and  for  the  transmission  of  power, 
electro-magnets  are  used  instead  of  the  steel  magnets.  The  machine  shown 
in  Fig.  265  was  used  for  lighting  purposes.  There  are  seven  powerful  flat 
electro-magnets  on  each  side,  so  arranged  that  their  north  poles  face  one  another. 
The  similar  poles  of  the  two  magnets  are  connected  by  arched  pole-pieces. 


Fig.  265.  — Siemens’  Machine  for  Lighting. 


The  seven  iron  bands  which  are  arched  round  the  drum  cause  two-thirds  of 
the  bobbins  to  be  exposed  to  induction  at  the  same  time.  The  current 
induced  in  the  coils  of  the  drum  flows  through  the  right-hand  brush  of  the 
current  collector,  from  there  into  the  coils  of  the  electro-magnet,  and  then 
through  the  right-hand  binding  screw  into  the  outer  circuit,  then  through  the 
left-hand  binding  screw  into  the  coils  of  the  magnet,  and  thence  back  again 
into  the  coils  of  the  drum.  This  machine  was  constructed  in  different  sizes  ; 
the  model  having  the  mark  Di  produced,  for  instance,  a light=  12,000  normal 
candles,  by  500  revolutions  per  minute,  worked  by  seven  horse-power;  its  length 
was  48  inches,  breadth  34,  height  14,  and  it  weighed  1,100  lbs.  Fig.  266 
represents  a machine  generally  used  for  the  separation  of  metals  from  their  solu- 
tions ; that  is  to  say,  for  electrolysis.  As  has  been  mentioned  already,  for  such 
purposes  large  electric  currents,  but  not  of  high  potential,  are  required. 
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The  coils  of  electro-magnets  and  drums  will  therefore  have  to  be  constructed 
of  large  cross  section,  but  fewer  turns  : this  corresponds  to  the  use  of  batteries 
of  a few  elements  having  large  plates.  The  figure  shows  that  each  arm  of  the 
electro-magnet  has  only  seven  turns;  these,  however,  do  not  consist  of  wire, 
but  of  copper  rods,  having  a cross  section  of  two  square  inches.  The 
coils  of  the  armature  also  consist  of  copper  bars.  The  junctions  are  not 
soldered,  but  screwed  together,  asbestos  being  used  for  insulating.  Machines 
like  these  have  been  used  for  years  in  the  Royal  mines  at  Oker  (Hartz 


Fig.  266. — Siemens’  Machine  for  Electrolysis. 


Mountains) ; they  separate  daily  from  five  to  six  hundred-weight  of  copper, 
requiring  from  eight  to  ten  horse-power. 

The  Edison  Machine. — Just  as  the  ring  machines  are  distinguished  by 
the  use  of  the  Gramme  ring,  so  also  the  Siemens  armature  is  the  characteristic 
feature  of  a series  of  machines  more  or  less  modified  in  other  respects.  Fig.  267 
represents  an  early  form  of  machine  by  Edison,  intended  for  sixty  incan- 
descent lamps  of  sixteen  candles  each.  Here  the  field  magnets  differ  in  shape 
from  those  of  other  machines.  They  are  of  great  length,  in  form  of  iron  bars 
united  by  pole-pieces  of  soft  iron,  and  weigh  several  tons.  In  the  cavity 
between  the  pole-pieces  revolves  the  cylinder  or  drum  armature.  This  machine 
has  several  contrivances  to  prevent  waste  ; the  brushes  are  numerous  to  prevent 
sparking ; the  interior  of  the  armature  is  in  the  form  of  thin  discs,  to  avoid  in- 
duction currents.  The  field  magnets  are  placed  vertically;  their  pole-pieces 
consist  of  an  iron  block,  which  is  hollowed  cylindrically.  In  this  space  a 
cylindrical  armature  rotates. 

Fig.  268  represents  a machine  for  250  lamps  equal  to  sixteen  candles  each, 
an  still  larger  machines  for  1,000  lights  were  also  constructed  on  this  general  plan. 
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The  steam  dynamo,  as  Edison  called  one  of  these,  consists  of  a horizontal  steam- 
engine  of  125  horse-power,  and  the  dynamo-electric  machine,  which  are  both 
fastened  upon  one  platform.  The  inducing  electro-magnets  consist  of  eight 
cylindrical  arms,  coiled  with  insulated  wire,  and  two  massive  cast-iron  pieces,  which 
serve  as  poles.  The  latter  are  hollowed  out  so  as  to  provide  a space  in  which 
the  armature  may  rotate.  The  length  of  the  arms  of  the  electro-magnets  is  nearly 


Fig.  267.— The  Edison  Machine.  Fig.  268.— Larger  Edison  Machine. 


8 feet  i they  are  fastened  horizontally,  and  their  coils  form  part  of  the  circuit 
of  the  machine.  In  principle  the  armature  is  a Siemens  cylinder,  with  Gramme’s 
method  of  connecting  the  wire  terminals.  The  turns  are  parallel  to  the  axis  of 
rotation  of  the  cylinder,  but  instead  of  wires,  are  composed  of  copper  strips  ot 
trapezoidal  cross  section.  The  different  strips  are  insulated  from  each  other  by 
a kind  of  blotting-paper  specially  prepared.  To  the  shaft  in  front  of  the  cylinder 
are  fastened  as  many  copper  discs  as  there  are  copper  strips  on  the  surface ; 
every  two  diametrically  opposite  copper  strips  have  their  ends  connected  with  a 
copper  disc  in  such  a manner  that  all  the  copper  strips,  discs,  and  connections 
form  a continuous  coil  round  the  cylinder.  This  will  be  shown  more  clearly  by 
the  help  of  Fig.  269.  The  wooden  cylinder  b is  fastened  upon  the  shaft  a,  to 
carry  the  cylinder  d,  made  of  soft  iron  (being  the  core  of  the  armature) ; s s are 
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the  copper  strips,  of  which  the  large  machine  has  146,  and  L L tne  copper  discs  ; 
c is  the  current  collector,  or  commutator,  constructed  on  Gramme’s  principle.  By 
this  arrangement  the  resistance  of  the  armature,  and  especially  that  of  the 
inactive  parts  near  the  front  sides  of  the  cylinder,  is  reduced  to  a minimum,  and 
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Fi^;.  269. — Edison’s  Armature. 


the  connection  of  the  several  coils  is  brought  about  without  complicated  lapping 
of  the  wire.  The  strips  measure  42  inches,  of  which  39  are  directly  affected 
by  the  magnet  poles.  The  total  weight  of  the  machine  is  over  17  tons  ; of  this, 
10  tons  go  to  form  the  enormous  electro-magnets,  and  2-5  tons  to  the  armature. 
This  machine  fed  1,000  incandescents  of  sixteen  candles  each,  on  Edison’s 
system.  The  shaft  of  the  motor  is  connected  by  couplings  to  the  armature 
shaft.  Such  machines  were  used  ten  years  ago  at  the  Central  Station,  New  York, 
to  supply  a whole  district  with  electricity. 

It  can  now  be  seen  that  although  Edison’s  armature  acts  like  that  of  Siemens, 
It  differs  from  it  in  being  more  simple  in  construction  and  winding.  The  small 


Fig.  270, — Edison’s  Winding. 


machines  have  tor  a winding  well-insulated  copper  wire  in  place  of  copper 
bars.  The  diagram.  Fig.  270,  taken  from  the  drawing  of  one  of  Edison’s 
patents,  will  serve  the  purpose  of  explaining  his  system  of  winding.  There 
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are  fourteen  divisions,  or  seven  crossings  or  loops,  when  there  are  seven 
segments  in  the  collector.  The  number  of  segments  in  the  collector  in 
Edison’s  machines  is  always  uneven,  the  large  machines  having  forty-nine. 
Consequently  when  the  brushes  bear  on  the  collector  diametrically  opposite  to 
each  other,  the  sectors  do  not  pass  simultaneously  from  under  them.  While 
one  brush  bears  on  the  centre  of  a sector,  the  opposite  brush  bears  on  two 
sectors,  and  so  short-circuits  the  two  bobbins  connected  therewith. 

It  will  probably  make  the  construction  still  clearer,  and  show  in  what 
respects  the  bar  armature  differs  from  the  drum,  if  we  conclude  our  description 
by  giving,  in  Mr.  Edison’s  own  words,  his  explanation  of  the  bar  armature  which 
he  first  made : 

“ In  that  class  of  magneto-  or  dynamo-electric  machines  in  which  the  revolving 
armature  is  composed  of  a cylindrical  core,  whose  surface  is  partially  or  entirely 
covered  with  coils  wound  parallel  to  the  axis  of  the  armature,  the  coils  cross 
each  other  at  the  ends,  so  that  there  is  a large  mass  of  wire  upon  the  ends 
useless  for  the  purposes  of  generation,  while  interposing  unnecessary  internal 
resistance  in  the  machine,  and  at  the  same  time  being  in  a position  which 
favours  the  excessive  accumulation  of  heat.  These  masses  of  wire,  crossing  each 
other  at  the  ends,  render  repairs  to  any  coil  exceedingly  difficult,  for  the  repair 
of  any  one  coil  involves  the  unwinding  of  such  coils  as  may  overlap  it  upon 
the  ends. 

“ One  object  of  this  invention  is  to  construct  the  revolving  armature  so  that 
these  defects  are  remedied,  to  which  end  this  portion  of  the  invention  consists 
in  fixing  upon  insulating  discs^  which  are  to  be  secured  to  the  ends  of  the  armature, 
metal  plates,  or  bars,  corresponding  in  number  to  the  number  of  coils  or  con- 
ducting bars ; or  if  a coil  be  considered  as  consisting  of  the  two  active  bars 
or  assemblages  of  wires  exactly  opposite  to  each  other  upon  the  face  of  the 
armature,  then  the  number  of  plates  is  double  that  of  the  coils.  These  bars 
are  arranged  upon  the  discs  as  spokes  from  a hub,  radiating  from  the  centre, 
and  may  be  termed  the  ‘ radiating  ’ plates  or  bars.  These  plates  or  bars  are 
electrically  joined  in  pairs  or  couples,  by  circular  metallic  conductors,  perma- 
nently fixed  upon  the  insulating  discs,  care  being  taken  to  insulate  these  circular 
joining  conductors  from  each  other.  This  arrangement  of  radiating  bars  or 
plates  and  joining  conductors  takes  the  place  of  the  wires  which  formerly 
crossed  the  ends.  The  radiating  plates  or  bars  are  provided  at  their  outer 
edges  with  recesses,  in  which  the  active  generating  metal,  whether  in  the  form 
of  wires,  strips,  ribbons,  or  bars,  may  be  secured  by  soldering,  or  by  screws, 
or  they  may  be  secured  together  in  any  other  suitable  way. 

“ The  construction  of  revolving  armatures,  as  ordinarily  practised,  especially  in 
the  case  of  very  large  machines,  involves  the  use  of  a large  amount  of  insulated 
wire.  This  is  expensive,  and  besides  takes  up  room,  and  allows  of  the  accumu- 
lation of  heat,  owing  to  the  non-conductor  forming  the  insulation,  to  remedy 
which  is  another  object  of  this  invention.  For  this  end  I use  rigid  naked  bars, 
or  wires,  of  proper  material,  which  are  s-o  disposed  about  the  armature  that  each 
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IS  separated  from  the  others,  there  being  between  them  an  insulation,  partly  of 
mica  and  partly  of  air,  which  suffices  in  practice  for  insulation,  and,  in  addition, 
allows  such  access  of  air  to  all  the  active  parts  of  the  armature  that  danger  of 
heating  thereof  by  accumulation  is  greatly  lessened. 

“ In  dynamo-  or  magneto-electric  machines,  it  is  often  desirable  to  give  con- 
siderable electro-motive  force  to  the  generated  current,  while  at  the  same  time 
there  is  maintained  a low  degree  of  internal  resistance  of  the  machine.  Another 
part  of  the  invention  relates  10  me  accomplishment  of  this,  and  consists  in 
so  arranging  the  coils  or  bars  and  the  commutators  that  all  the  coils  or  bars 
are  always  in  circuit,  so  that  an  electro-motive  force  due  to  the  entire  length 
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Fig.  271. — Edison’s  Armature. 


of  all  the  coils  is  obtained,  and  at  the  same  time  th.xt  part  of  the  conductors 
which  does  not  set  lip  an  electro-motive  force  within  the  circuit  is  made  of 
lower  resistance  by  means  of  the  circular  and  radial  bars  or  plates  at  the  ends 
than  the  portion  in  which  the  electro-motive  force  arises. 

“ The  entire  invention  may  be  carried  into  effect  by  means  substantially  such 
as  shown  in  the  drawing  (Fig.  271),  wherein  c is  the  commutating  end,  and  a 
the  other  end  of  an  armature. 

“ Upon  suitable  insulating  bases,  circular  in  form,  the  radial  metal  plates 
numbered  i to  18  in  a and  c are  secured,  insulated  from  each  other,  as  indi- 
cated by  the  blank  space  between  them.  Upon  a the  circular  plate  or  bar  a 
connects  i and  10;  b,  2 and  ii  ; c,  3 and  12;  4 and  13;  5 and  14;  g,  6 

an  15  j 7 and  16 ; /,  8 and  ly  ; k,  9 and  18.  Each  of  these  bars  is  insu- 

lated from  the  other,  and  from  all  the  plates  excepting  those  which  it  is  designed 
to  connect.  It  will  be  noticed  that  upon  this  end  the  circular  bars  connect 
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exactly  opposite  coils,  as  would  the  v/ires  ordinarily  used.  Upon  the  commu- 
tating end  c the  arrangement  is  somewhat  different.  Upon  it  i and  12  are 
connected  by  m,  2 and  9 by  «,  3 and  14  by  <?,  4 and  ii  by/,  5 and  16  hy  q, 
6 and  13  by  r,  7 and  18  by  r,  8 and  15  by  t,  10  and  17  by  u.  These  bars  are 
insulated,  as  before  stated  in  the  case  of  a.  Upon  the  commutating  end  the 
odd-numbered  circular  bars  are  bent  outwardly,  at  a right  angle,  at  their  inner 
end,  the  bent  portions  v v being  secured  to  a hub,  and  forming  the  commu- 
tator. To  these  end  discs  thus  constructed  are  secured  wires,  ribbons,  or  bars, 
in  any  suitable  manner,  forming  with  the  radial  and  circular  plates  the  coils. 

“ For  large  machines  I prefer  to  use  naked  bars  of  copper,  b b',  which  are 
secured  in  the  recesses  shown  in  the  outer  edges  of  the  radial  plates.  They 
will  be  sufficiently  insulated  from  each  other  by  the  air  space  between  them. 
If  bars  are  used  not  sufficiently  rigid  to  preserve  their  relative  distances  from 
each  other  throughout  their  length,  stays  or  blocks  of  insulating  material,  such  as 
mica,  may  be  placed  between  them  at  proper  intervals. 

“ By  the  arrangement  of  connections  and  the  commutator,  as  shown  in  c, 
all  the  coils  are  constantly  in  circuit,  the  generated  current  having  the  electro- 
motive force  of  a coil  of  the  total  length  of  all  the  coils,  while  the  internal 


resistance  is  kept  low  by  the  lessening  of  resistance  in  the  ends  due  to  the  much 
larger  mass  of  conductor  in  section  of  plates  and  bars  over  that  of  the  wires 
ordinarily  used,  while  the  resistance  of  the  active  parts,  when  bars  are  used, 
as  described,  is  also  greatly  lessened. 

“ Supposing  the  parts  are  in  such  position  that  the  commutator  brushes  are 
in  connection  with  5 and  i5i  the  path  of  the  generated  currents  will  be  as 
follows  ; starting,  say,  at  the  brush  on  5,  the  path  in  the  machine  to  15  would 
be,  for  one  portion  of  the  current,  vid,  5 e,  14  0,  3 c,  12  m,  i a,  10  u,  17  /,  8 /, 

1 5 ; and  for  the  other  portion,  via  3 q,  16  h,  y s,  k,  n,  2 b,  i \ p,  4 d,  13  r, 

t g,  15,  thus  including  every  coil.”  _ _ _ 

One  of  the  most  common  defects  of  large  machines  is  the  generation  of 
sparks  near  the  commutator,  causing  them  to  wear  out.  In  Gramme’s  arrange- 
ment of  the  current  collector  the  following  takes  place;  The  spring  / (Fig. 
272)  reaches  the  metal  strip  2 before  it  has  entirely  left  i,  which  causes  the 
coil  J to  become  short-circuited  through  i 2 and  /.  If  now  the  difference 
of  potential  between  the  two  ends  of  the  coil  r is  considerable,  the  short 
circuit  will  be  brought  about  before  the  strips  i and  2 are  connected  by/, 
because  self-discharge  in  shape  of  a spark  takes  place.  Edison  has  a contri- 
vance for  his  large  machines  which  prevents  the  interruption  or  break  of  current, 
and  considerably  diminishes  the  generation  of  sparks.  In  Fig.  273.  a-^  ao 
indicate  the  insulating  strips,  b,  b^  b,  the  metal  strips  of  the  commutator  a. 
The  metal  strips  have  not  the  same  breadth  throughout,  but  have  the  shape 
shown  in  the  figure.  Over  the  wider  portions  of  the  metal  strips  slide  the  brus  es 
dd,  and  over  the  smaller  portion,  separated  from  the  latter,  slides  the  brush  <r. 
The  current-breaker  B rotates  upon  the  same  axis  as  the  current-collector  a. 
The  metal  strips  c^,  etc.,  upon  b correspond  with  the  small  portions  b^  b^ 
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upon  A (which  allows  b to  be  removed  from  the  machine).  Over  the  metal 
strips  of  the  current-breaker  b slide  the  two  brushes  //j  which  are  separated 
from  each  other.  Brush  is  connected  with  the  brushes  dd.,  and  with  the 
brush  e.  The  brushes  e and  reach  a little  higher  than  the  brushes  d d. 
When  the  machine  is  in  motion,  and  a and  b rotate  with  a uniform  velocity, 
the  following  takes  place : Every  time  the  brushes  d d rest  upon  one  of  the 
metal  strips  b-^  of  a,  the  brushes  e and  will  rest  upon  insulating  strips 
The  latter  brushes,  therefore,  have  no  active  share  in  the  conduction  of  the 
current,  which  is  brought  about  in  the  usual  manner  through  the  brushes  d d. 


Fig.  272. — Gramme’s  Arrangement 
to  Prevent  Sparking. 


Fig.  273. — Edison’s  Commutator. 


However,  before  the  brushes  dd  leave  the  metal  strips  b,^,  the  brush  e comes  into 
contact  with  them ; at  the  same  time  the  brushes  and  come  upon  a metal 
strip  of  B.  The  current  flows  now  through  the  brushes  e and  reaches  the  metal 
strip  upon  b,  from  this  passes  through  the  brushes  and  d d,  and  thence  to  the 
outer  circuit.  This  passage  is  open  to  the  current  as  long  as  the  brushes  d d 
slide  upon  an  insulated  strip ; when  they  slide  upon  metal  strips  the  brushes 
^1  ^2  reach  insulating  strips,  and  the  connection  between  h-^  and  is  broken. 
In  this  manner  the  current  in  the  outer  circuit  is  made  continuous,  short- 
circuiting  of  a coil  is  prevented,  and  the  production  of  sparks  is  reduced  to  a 


minimum. 

The  insulating  material  used  by  Edison  between  the  sectors  of  the  collector 
has  the  advantage  that  it  wears  away  at  the  same  rate  as  the  copper  sectors ; 
consequently  the  collector  wears  truly,  without  longitudinal  furrows^  flutes,  or 
channels,  and  runs  with  but  few  sparks. 


286 


Electricity  in  the  Service  of  Man. 


The  various  sizes  of  machines  originally  made  by  Edison  are  tabulated  as 
follows  : — 


Type 

E 

Z 

L 

K 

c 

H 

Weight  in  lbs 

Horse-power 

Rotations  per  minute  

Capacity,  16-candle  lamps 

P.D.  in  Volts  

Number  of  magnet  limbs 

638 

2-5 

2,200 

17 

1 10 
2 

2,706 

8 

1,200 

60 

no 

2 

S.720 

18 

900 

ISO 

no 

6 

7,260 

32 

900 

250 

no 

6 

66,000 

125 

350 

1,200 

no 

12 

7,920 

65 

1,100 

400 

no 

6 

The  above  figures  show  plainly  the  advantage  of  using  large  machines,  to 
which  much  power  can  be  applied. 

Edison’s  early  dynamos  all  had  massive  pole-pieces  and  heavy  yokes  con- 
necting the  iron  cores.  All  his  earlier  field  magnets  were  very  long,  and  he 
at  first  thought  that  the  high  efficiency  of  the  Edison  dynamos  was  due  to  the 
use  of  these  large  masses  of  iron  in  the  construction  of  the  field  magnets. 
This  is  now  known  to  be  a disadvantage  on  account  of  additional  weight 
imparted  to  the  machine  without  proportionate  increase  in  the  intensity  of 
the  magnetic  field,  and  it  can  be  shown  that  the  same  intensity  can  be 
obtained  with  magnets  of  half  the  length  ; but  according  to  Edison’s  early  expe- 
rience, this  was  not  the  case.  He  argued  that  if  the  mass  of  iron  be 
reduced,  a stronger  current,  and  therefore  more  energy,  is  required  to  raise  the 
field  to  the  desired  intensity,  and  this  additional  amount  of  energy  must  be 
continually  supplied  as  long  as  the  machine  is  run.  In  the  other  case,  the 
additional  expense  for  a cheap  material  is  only  incurred  once.  This  view  seemed 
to  be  justified  to  some  extent  by  the  fact  that  the  Edison  machines  for  efficiency 
ranked  among  the  best.  But  Mr.  Edison  has  since  found  it  advisable  or  con- 
venient to  reduce  the  length  of  the  cores  of  the  field  magnets  of  his  machines, 
and  has  also  changed  the  shape  of  the  pole-pieces  so  as  to  avoid  sharp  corners. 
We  shall  return  to  the  question  of  the  improvements  introduced  into  his  and 
other  machines  later  on. 

Weston’s  Machine. — Weston’s  machine  (Fig.  274)  shows  in  its  general 
form  a certain  resemblance  to  Siemens’  machine,  but  differs  from  the  latter 
chiefly  in  the  construction  of  the  armature.  The  iron  core  is  constructed  in  the 
following  manner  : Thirty-six  iron  discs  are  fastened  upon  the  axis  of  rotation, 
each  disc  having  sixteen  teeth  cut  in  it.  Sixteen  pieces  of  square  section 
are  laid  across  these  discs,  as  shown  in  Fig.  275,  and  upon  these  the  coils  are 
arranged.  The  connection  of  the  commutator  and  the  wire  ends  is  the  same 
as  in  Siemens’  machine.  The  segments  of  the  commutator,  however,  are  not 
parallel  to  the  axis,  but  arranged  spiral-shaped,  and  insulated  from  each  other 
by  layers  of  air.  This  arrangement  has  the  advantage  of  bringing  several 
sectors  at  the  same  time  in  contact  with  the  brushes,  and  thus  producing  a 
uniform  flow  of  the  current.  The  electro-magnets  consist  of  several  cast-iron 
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reds,  which  are  fastened  horizontally  to  the  vertical  supports.  The  ends  facing 
each  other  are  connected  by  means  of  bent  wrought-iron  bars ; but  the  two 
end  couples  have,  instead  of  the  bent  bars,  elliptically-shaped  iron  pieces. 
According  to  Weston,  the  uniformity  of  the  current  is  greatly  increased  by  this 
arrangement.  The  peculiarly  formed  iron  core,  the  spaces  between  the  magnets, 
and  the  perforated  stands,  together  secure  very  good  ventilation. 


Fig-  274. — The  Weston  Machine. 


275. — The  Weston  Armature. 


sho™  t Ffe  ^"76  ‘’"Here'S?"  T"’'  “ ‘‘  is 

mutator  hn/K  ^ \ j ^^^^"Sement  of  the  copper  strips  of  the  com- 

voltaee  T abandoned,  as  it  secured  uniformity  of  current  only  by  loss  of 

of  sparksf  I cS- 

used)  so  that  each  qt-  . number  of  metal  strips  (as  many  as  140  being 

two  Lr  Bv Tht  " to  the  point  of  junction  of  the  wires  of 

increu^ed:  andSo  sereXT  I?  *0  of  the  arnra.ure  is 

dimmished.  The  coZut^  ? °f  each  coil 

be  replaced  The  S?  “ '’™S8‘=  i‘  'an  easily 

The  si, drag  springs  consist  of  elastic  copper  plates,  having  several 
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slits  in  them.  In  larger  machines  of  this  kind  the  currents  of  the  electro-magnet 
were  shunted  from  the  principal  circuit ; such  a machine  fed  twenty  arc  lamps, 
made  900  revolutions,  and  required  fourteen  horse-power.  In  machines  required 
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to  feed  a greater  number  of  lamps,  Weston  used  a special  method  for  coiling  and 
connecting  the  wires  of  the  armature.  When  we  were  explaining  the  action  of 
Edison’s  commutator,  according  to  Gramme’s  method,  we  pointed  out  the  danger 


of  the  armature  coils  becoming  short-circuited.  It  is  to  avoid  this  that  Weston 
used  his  spiral  method  for  coiling.  Fig.  277  is  a representation  of  the 
armature.  Fig.  278  a cross  section  in  the  direction  a a.  The  layers  of  wire  in 
ne  sixteen  grooves  of  the  iron  core  are  divided  into  two  sets,  indicated  by  black 

K 
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and  white  in  the  figures.  The  commutator  strips  e e are  also  double.  The 
wires  are  arranged  in  the  following  manner  : First  one  groove  of  the  cylinder, 
and  that  diametrically  opposite  to  it,  are  wrapped  with  a layer  of  wires  (drawn  black 
in  Fig.  278,  and  indicated  by  i i),  then  another  layer  of  wires,  perfectly  insulated 
from  the  first,  is  added  (left  white,  indicated  by  2 2).  The  same  wire  is  carried 
into  the  grooves  nearest,  and  forms  the  lower  layer  3 3,  left  white.  The  wire 

In  this  manner  the  whole  of 
the  cylinder  is  wrapped  with 
its  two  layers  of  wire,  insulated 
from  each  other,  but  equal  to 
each  other  as  regards  length, 
and  similarly  situated  in  rela- 
tion to  the  inducing  magnets. 
Fig.  279  shows  that  the  black 
layer  of  wire  c and  the  white 
layer  b follow  each  other  alter- 
nately. The  connection  of 
these  wires  with  the  commu- 
tator is  brought  about  by  means 
of  the  pieces  d.  That  by  this 
arrangement  and  mode  of  con- 
necting the  several  groups  the 
danger  of  short  circuit  is 
obviated  may  be  shown  by  Fig.  279.  If  segments  i 2 or  2 3,  or  any  other 
segments  of  the  commutator  following  each  other,  be  connected,  a short  circuit 
will  not  be  produced,  as  in  the  Gramme  ring.  To  obtain  this  result  it  is  not 
absolutely  necessary  to  adopt  the  above  method  of  winding  the  wire  round  the 
cylinder,  provided  attention  is  paid  to  the  principle  that  two  adjacent  seg- 
ments of  the  commutator  shall  not  be  connected  with  the  ends  of  any  one 
group  that  is  closed  in  itself.  The  wire  turns  of  the  whole  armature  may  be 
divided  into  more  than  two  independent  circuits,  and  this  arrangement  might 
be  more  advantageous  with  very  large  machines,  producing  currents  of  high 
potential,  but  would  probably  lead  to  sparking  at  the  brushes. 

ALTERNATE  CURRENT  MACHINES. 

As  we  shall  see  later  on,  with  the  invention  of  Jablochkoff's  electric  candle 
a demand  was  made  for  a kind  of  machine  in  which  the  currents  generated  by 
the  successive  approach  and  recession  of  the  bobbins  should  not  be  commuted. 
As  these  candles  require  alternate  currents,  several  forms  of  machines  producing 
such  currents  were  constructed.  Fig.  280  represents  an  alternate  machine 
by  Gramme.  Upon  the  cast-iron  base  R the  two  cast-iron  supports  D,  of 
almost  circular  form,  are  attached  together  with  eight  brass  rods  e and  an  iron  stay, 
which  serve  to  give  the  w'hole  greater  solidity.  To  this  frame  the  coils  abed 


left  at  I I is  used  to  form  the  upper  layer  of  4. 
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are  fastened.  The  whole  of  the  cylinder  of  coils  is  covered  with  a wooden  frame  s ; 
F is  a steel  shaft  which  carries  the  eight  electro-magnets  K by  means  of  the  cast- 
iron  sockets  H and  octagonal  plates.  Each  of  these  electro-magnets  has  a pole- 
piece  of  soft  iron  rounded  at  the  outer  surface,  and  reaching  beyond  the  electro- 
magnet, so  that  very  little  space  is  left  between  the  pole-pieces  of  two  magnets. 
Two  thin  discs  fastened  to  the  different  magnets  protect  them  against  the  effect  of 
centrifugal  force.  Upon  the  shaft  are  two  insulated  discs ; and  upon  these  the 


Fig.  280.— Gramme’s  Alternating  Current  Generator. 


“■'ducting  to  the  electro  magnets 
The  eteromll““!'‘>'  f Gramme  machine 

ate  included  in  fhe  elecLT^uf^xt^  left-handedly.  and  all 

all  the  coils  will  hra  u <.i  r.  i.  ^ effect  of  a current  flowing  through 

abed,  the  neighbouring  a magnet  has  its  south  pole  facing  the  coils 

alternatdV  sltf^nd  n T Allowing  each  other  in  a circle  will  ^have 

of  the  wires  of  four  coilsT  groups  (each  group  consisting 

ring,  but  I Ihes  of  not  connected  to  one  large  coil,  as  in  tL  Grammf 

wooden  cover  s Bv  this  ^ binding  screw  f fastened  upon  the 

s.  By  this  arrangement  the  machine  may  give  thirty-two  separate 
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currents.  The  way  in  which  the  machine  works  is  now  easily  seen  : As  the 
armature  has  eight  groups  of  coils,  and  the  shaft  eight  electro-magnets,  the  effects 
of  induction  will  be  the  same  in  each  of  the  different  groups ; for  instance,  when 
a magnet  comes  just  opposite  one  group  of  coils,  on  account  of  the  equality  of  the 
number  of  groups  and  number  of  magnets,  every  other  group  of  coils  will  also  have 
a magnet  opposite  it.  The  strength,  therefore,  of  the  induced  currents  will  be 


Fig.  281. — Auto-Excitatrice. 

the  same  at  all  times  in  all  the  groups  of  coils,  but  their  direction  will  change  as 
different  poles  come  opposite  the  different  groups.  While  the  groups  i 3 5 
and  7 have  currents  in  one  direction,  groups  2 4 6 and  8 will  have  currents 
in  the  opposite  direction.  If  every  separate  coil  be  closed,  thirty-two  circuits  will 
be  obtained,  and  in  each  of  them  alternating  currents  will  be  produced.  To 
obtain  four  circuits  we  have  but  to  connect  the  ist,  3rd,  5th,  and  7th  coils  a for 
one  of  the  poles,  and  the  2nd,  4th,  6th,  and  8th  coils  a for  the  second  pole;  also 
I St  3rd,  5th,  and  7 th  coils  b for  one  pole  of  the  second  circuit,  and  and,  4th, 
6th  and  8th  coils  b for  the  other  pole,  the  coils  ^ and  d being  connected  in 
the’same  manner  for  the  desired  four  circuits.  In  this  manner  four  separate  cir- 
cuits are  obtained,  in  each  of  which  alternate  currents  of  the  same  strength 
are  produced.  The  machine  shown  in  Fig.  280  fed  si.xteen  Jablochkoffs 
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candles,  each  of  1,000-candle  power,  requiring  sixteen  h.p.  It  cost,  including 
an  auxiliary  machine,  10,000  francs  = ;^4oo  ; its  length  was  35  inches,  breadth 
30,  height  31 ; the  maximum  velocity  was  600  revolutions  per  minute,  the  weight 
1,43°  po>-inds.  As  the  machine  supplying  the  current  for  the  electro-magnets 
is  as  a rule  separated  from  the  principal  machine,  the  slightest  fluctuation  of 
current  in  the  former  produced  considerable  disturbances  in  the  latter,  and 
consequently  unsteady  lights.  Gramme  dispensed  with  the  independent 
generator  by  uniting  the  two  machines,  and  to  this  alternating  current  machine 
he  gave  the  name  Auto-excitatrice.  Fig.  281  represents  the  combination 
of  a Gramme  machine  a (for  currents  of  one  direction)  with  the  alternate 
current  machine  b.  The  arrangement  of  the  inducing  electro-magnets  is  slightly 
different  here  from  that  of  the  ordinary  ring  machine.  From  the  inner  side  of 
the  cylindrical  supports  a a the  electro-magnets  e project  in  radial  directions. 
At  the  vertices  the  two  shoes  or  pole-pieces  p p are  fastened  so  as  to  connect  the 
electro-magnets  two  and  two.  The  wire  of  the  electro-magnets  is  so  coiled  that 
every  two  ends,  connected  by  a pole-piece,  have  similar  polarities.  Within  the 
cylindrical  space  formed  by  the  pole-pieces  a Gramme  ring  r of  the  ordinary  con- 
struction rotates,  i.e.  it  moves  between  two  diametrically  opposite  magnetic  poles, 
and  experiences  therefore  the  same  inductive  influence.  The  ring  is  fastened  to 
the  axis  which  carries  the  inducing  electro-magnets  of  the  alternate  current 
machine  b.  The  currents  induced  in  the  ring  r are  conducted  by  the  brushes 
Bj  B,  to  the  electro-magnets  of  the  alternating  machine  e.  For  the  purpose  of 
regulating  the  currents  of  both  machines,  the  brushes  of  the  generating  machine 
are  not  directly  connected  with  the  wire  coils  of  the  electro-magnets,  but  are 
arranged  in  such  a manner  as  to  allow  of  the  insertion  or  removal  of  resistance 
coils.  The  manner  of  wrapping  the  coils  differs  also  in  the  later  constructions. 
A double  wire  is  used  instead  of  a single  wire,  to  allow  a modification  of  current 
suitable  for  small  or  large  lights. 

The  auto-excitatrice  not  only  gave  better  results  than  the  old  machine,  but 
also  cost  less.  A machine  weighing  1,034  pounds  furnished  currents  for 
twenty-four  Jablochkoff  candles  of  200  to  300  candles  each,  or  sixteen  lights 
of  double  that  power.  A machine  for  feeding  twelve  of  the  smaller  lamps 
weighed  616  pounds. 

Alternate  current  machines  similar  to  those  of  Gramme  were  constructed 
by  Zepernousky,  of  the  firm  of  Ganz  & Co.,  of  Budapest.  The  chief  difference 
consisted  in  the  turning  of  the  axis  of  the  stationary  armature  round  through 
a right  angle,  so  that  this  axis  was  directed  radially  instead  of  circumferentially. 
This  method  of  arranging  the  armature  coils  is  followed  in  some  of  the  large 
alternators  of  the  present  day. 

Siemens’  Alternate  Current  Machine.— Siemens  obtained  alter- 
nate currents  by  using  flat  coils  rotating  in  powerful  magnetic  fields.  The 
alternate  current  machine  by  Siemens  and  Halske  is  shown  in  Fig.  282, 
together  with  its  small  generating  machine.  To  the  base  plate  of  the 
machine  two  cast-iron  supports,  held  together  by  a cross-bar  at  the  top,  are 


294 


Electricity  m the  Service  of  Mah. 


screwed ; each  support  carries  twelve  electro-magnets,  the  coils  of  which  are 
so  arranged  that  wlienever  a current  flows  through  the  coils-  each  possesses  the 
opposite  polarity  to  its  neighbouring  as  well  as  to  the  opposite  magnet.  Between 


Fig.  282. — Siemens’  Alteri.ate  Current  Machine,  with  separate  Exciter. 


Fig.  283.— Diagram  of  Siemens’  Alternate  Current  Machine. 


the  poles  of  these  electro-magnets  rotates  a disc,  which  carries  the  bobbins, 
the  cores  of  which  are  made  of  wood.  When  the  disc  rotates,  every  coil  has 
to  pass  all  the  magnetic  poles  in  turn,  i.e.  each  coil  is  exposed  alternately 
to  the  effects  of  the  inductions  of  differently  polarised  magnets.  The  currents 
induced  in  a coil  will  therefore  change  their  direction  as  the  coil  passes  from 
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one  to  the  next  magnetic  pole.  The  machine  possesses  as  many  coils  as  there 
are  pairs  of  electro-magnets,  every  two  opposite  magnets  constituting  a pair ; there- 
fore, the  change  of  current  takes  place  in  all  the  coils  at  one  and  the  same  time. 
The  currents  induced  in  the  coils  are  conducted  to  a series  of  rings  fastened 
to  the  axis  of  the  machine.  The  electro-magnets  receive  their  currents  from  the 
small  auxiliary  machine.  The  mode  of  action  of  the  machine  is  shown  in  Fig.  283, 
A B c;  s and  n indicate  the  magnetic  poles  (with  the  direction  of  the  Ampere 
currents  indicated).  The  outer  arrow  indicates  the  direction  of  rotation.  In  the 
position  A the  coil  i moves  away  from  the  pole  s^,  and  consequently  a current 
will  be  induced  that  flows  clockwise ; at  the  same  time  coil  i approaches 
Ni,  and  a current  clockwise  will  here  too  be  induced.  The  poles  and 
Sj  mutually  assist  each  other.  Coil  11 
moves  away  from  and  approaches  Sg, 
and  has  therefore  currents  anti-clockwise. 

If  now  the  coils  i and  ii  were  simply 
connected  with  each  other,  the  currents 
induced  in  the  coils  would  neutralise  each 
other.  This,  however,  as  shown  in  the 
figure,  is  prevented  by  having  i coiled 
towards  the  right,  and  ii  towards  the  left. 

By  this  arrangement  currents  of  the  same 
direction  are  obtained,  which  can  easily 
be  seen  by  following  the  arrows.  The 
total  currents  are  conducted  by  the  springs 
H — into  the  outer  circuit.  Here  we  have 
taken  into  account  only  one  row  of 
magnetic  poles ; but  in  reality  the  coils  i and  ii  move  between  two  rows  of 
magnets  with  their  opposite  poles  facing  each  other,  thus  the  south  pole  s,  has 
a north  pole  opposite  it ; and  the  north  pole  has  a south  pole  Sj  opposite, 
and  so  on.  It  may  be  asked  here  whether  the  induction  phenomena  are  the 
same  as  m the  machines  last  described,  and  the  answer  will  be  afforded  by 
ig.  284,  which  represents  a couple  of  magnetic  poles,  and  the  coil  i in  the  same 
position  as  in  Fig.  283  a.  The  Ampbre  currents  move  at  the  south  pole  clockwise 
at  the  north  pole  anti-clockwise.  As  the  two  magnets  face  each  other  the  Ampfere 
cunents  on  their  fronts  flow  parallel  to  each  other,  as  shown  by  the  arrows 
n tne  hgure.  Coil  i moves  away  from  this  double  pole,  and  must  therefore 
have  a current  induced  which  has  the  same  direction  as  ihe  Amphre  currfnts 

?n"g“r!  t Si:: 

the  action  of  t’l,  ^ '*'<=  It  follows  that 

As  thl  ' t’agnetic  pole  N,  is  exactly  like  that  of  the  opposite  pole  s, 

Theti,s7ar.:?p.“'‘  will  be  true  for  a.r.he  couple: 

the  position  seen  in  Fi'f  28 Wtoaoh 

Sj,  and  both  s and  s j =1.  it  approaches 

both  s,  and  s.  wtll  induce  currents  in  the  coil,  but  the  recession  causes 


Fig.  2S4. — Coil  and  Magnetic  Poles. 
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a current  in  one  direction  here  clockwise,  and  the  approach  causes  a current  in 
the  opposite  direction,  viz.  anti-clockwise.  If  poles  and  Sg  are  of  equal 
strength,  their  induced  currents  in  coil  i will  neutralise  each  other.  But  we  have 
also  to  consider  the  effect  which  has  upon  the  coil  i.  Let  us  assume  the 
magnetism  of  this  pole  to  be  concentrated  at  its  centre.  When  the  right-hand 
side  of  the  coil  approaches,  the  induced  currents  will  flow  from  below  upwards, 
and  when  the  left  side  moves  away  its  currents  too  will  flow  from  below 
upwards.  The  currents  then  induced  by  in  the  coil  i are  equal  and  opposite 
to  each  other,  and  consequently  neutralise  each  other.  The  mean  result  of  the 
inducing  effects  of  poles  Sj  and  Sg  upon  coil  i in  this  position  is  therefore 
equal  to  o ; t.e.  the  coil  at  this  instant  is  currentless.  Coil  ii  (Fig.  283  b)  is  also 
currentless.  But  as  the  rotation  continues  the  coils  will  reach  the  position 
285  c.  If  we  do  not  take  into  consideration  the  polarity  of  the  magnets,  the  coils 
at  c have  the  same  position  as  at  a ; but  there  is  this  difference  as  regards  the 
poles  : in  the  position  c coil  i moves  away  from  a north  pole,  and  coil  ii  from 
a south  pole,  whilst  in  position  a the  reverse  took  place.  A current  will  flow  through 
the  coils  at  c also,  but  the  direction  of  this  total  current  will  have  the  opposite  direc- 
tion to  the  total  current  induced  at  a.  We  thus  see  that  as  the  coil  continues 
to  rotate  it  will  now  reach  a position  like  c,  then  one  like  a,  then  again  one  like 
c,  and  so  on.  There  is  thus  a continued  oscillation  in  the  direction  of  the 
current  in  the  outer  circuit,  with  an  interval  between  each  change.  What  holds 
good  for  the  two  coils  under  consideration  must  hold  good  for  the  rest  of  the 
coils  in  the  machine,  assuming  that  there  are  as  many  coils  as  there  are  magnet 
couples.  By  this  arrangement,  whenever  the  coil  i is  opposite  a north  pole 
all  the  coils  with  uneven  numbers  will  be  opposite  north  poles,  and  all  the  coils 
with  even  numbers  will  be  opposite  south  poles.  If,  therefore,  the  even 
coils  are  connected  with  one  conducting  ring,  and  the  odd  coils  with  another, 
springs  sliding  upon  these  will  collect  all  the  current  for  the  outer  circuit. 
Owing  to  the  equality  of  number  of  magnets  and  coils,  the  direction  of  current 
in  all  the  coils  will  change  at  the  same  time ; and  in  the  outer  circuit  currents 
which  continually  change  their  direction  will  be  obtained,  interrupted  by  the 
interval  that  takes  place  during  the  change  of  current.  This  interval,  on  account 
of  the  rapid  motion  of  the  coils,  is  of  such  short  duration  that  it  is  not  at  all 
noticeable  in  the  outer  circuit. 

Siemens  and  Halske  also  constructed  machines  for  continuous  currents,  which 
were  very  similar  to  this  alternate  current  machine.  The  chief  difference 
between  the  two  machines  was  that  the  continuous  current  machine  had  not  as 
many  coils  as  there  were  magnetic  fields ; for  instance,  if  the  machine  had  ten 
magnetic  fields,  the  rotating  disc  would  have  only  eight  coils.  The  electro- 
magnets were  arranged  as  in  the  alternate  current  machine,  i.e.  each  pole  had 
opposite  polarity  to  the  neighbouring  and  opposite  poles.  The  internal  con- 
nections of  the  armature  coils  and  the  special  commutator,  by  which  a machine 
of  this  kind  was  made  to  yield  continuous  currents,  will  be  found  described  in 
the  previous  edition  of  this  book. 
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The  Ferranti-Thomson  Generator. — Fig.  285  represents  the  alter- 
nate current  generator  by  Fetranti-Thomson,  which  was  the  result  of  the  labours 
of  Sir  William  Thomson,  Ziani  de  Ferranti,  and  Alfred  Thomson.  Fig.  286 


Fig.  285. — The  Ferranti-Thomson  Machine. 


Fig.  286. — The  Ferranti  Armature. 


fro°m  ea?h  machine.  The  shaft  carries  two  blocks  insulated 

also  inJulntei  T ^ brass  ring, 

ated,  to  which  at  regular  intervals  the  copper  bands  of  the  armature 

If  ^ 
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are  attached.  The  eight  coils  of  the  armature  consist  of  copper  bands  of 
1-25  inches  breadth  and  0-07  inch  thickness,  all  having  electrically  the  same 
value.  The  bands  are  of  the  same  length,  and  have  the  same  shape.  The 
construction  of  the  armature  is  best  seen  in  Fig.  287.  To  prevent  complication, 
only  eight  coils  of  four  bands  each  are  represented.  The  first  copper  band  i 
begins  in  the  curves  a and  b,  and  is  continued  over  c and  but  so  that  in  the 
next  coil  it  comes  over  the  second  copper  band  ii,  which  commences  at  curve 


a 


Fig.  287. — Diagram  of  the  Ferranti  Armature. 

and  for  this  curve  and  the  curve  d forms  the  lowest  layer.  Copper  bands  i and 
II  are  continued  together  until  they  reach  e\  here  the  copper  band  iii  commences, 
and  forms  the  lowest  layer  for  curves  e and  f.  The  three  copper  bands  are  now 
continued  till  they  reach  curve  g;  here  the  fourth  and  last  copper  band 
commences.  The  curves  g and  h now  consist  of  all  the  four  bands.  The 
copper  band  i ends  at  curve  h,  but  the  three  other  bands  continue  theii  way ; at 
curve  b ends  the  second  band  at  2,  bands  iii  and  iv  end  at  3 and  4.  Each 
copper  band  is  conducted  through  all  the  curves  in  such  a manner  that  it  forms 
the  first  layer  in  two  curves,  the  second  layer  in  the  two  next  curves,  then 
the  third  layer,  and  finally  the  fourth  layer,  where  it  ends  above  its  starting 
point.  The  same  length  and  a similar  course  are  obtained  in  this  manner  for 
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all  the  bands.  The  several  copper  bands  1,1,  and  11,2,  &c.,  are  insulated  from 
each  other.  The  armature  has  a diameter  of  36  inches,  and  makes  1,000 
revolutions  per  minute.  Upon  the  shaft  at  both  sides  of  the  armature  two 
collecting  rings  are  fixed.  One  of  these  is  connected  with  a brass  ring,  the 
other  is  connected  with  the  ends  123  and  4 of  the  copper  coils.  From  the 
brass  ring,  at  the  points  i ii  iii  and  iv,’the  copper  bands  start.  To  connect  the 
different  parts  with  each  other,  solid  pieces  are  used  instead  of  wires.  Tlie 
currents  induced  in  the  copper  bands  are  not  conducted  by  brushes  into  the 
outer  circuit,  but  here  also,  instead  of  brushes,  metal  pieces  are  used,  being 
pressed  by  springs  against  the 
rings.  When  we  compare  Fig. 

287  with  Fig.  283  we  find  that 
the  principle  is  practically  the 
same.  Forcoil  «(Fig.  287)  the 
surrounding  magnets  s N are 
shown,  and  the  directions  of  the 
current  induced  in  the  copper 
are  indicated  in  band  1,1,  of 
curve  a by  the  arrows.  The 
remaining  copper  bands  ii,  2, 

III,  3,  and  IV,  4 of  curve  a will 
have  their  currents  in  the  same 
direction.  Owing  to  the  arrange- 
ment of  the  copper  bands,  and 
in  consequence  of  the  alter- 
nating arrangement  of  the  sur- 
rounding magnets,  at  every 
moment  during  rotation  currents 
will  be  induced  in  all  the  curves 
passing  in 'the  same  direction  through  the  armature.  Therefore  one  of  th« 
collecting  rings  connected  with  the  ends  i ii  iii  and  iv  will  receive  currents  from 
all  the  coils,  and  the  other  collecting  ring  connected  with  1234  will  return  these 
currents  from  the  outer  circuit.  If  the  motion  continue,  a currentless  interval 
will  occur,  and  then  a current  of  opposite  direction,  and  so  on.  Ferranti 
arranges  the  turns  of  his  armature  in  continuous  order,  whilst  Siemens  divides 
hem  into  groups.  In  fact,  the  Ferranti  mode  of  winding  the  armature  had  been 
adLtp/  Halske,  and  the  experiment  led  to  the  construction 

inTari  the  bobbins 

into  groups  seemed  more  advantageous. 

armature  on  each  side  thirty-two  magnets  are  arranged.  The  iron 
cores  are  cast  in  one  piece  with  a half-frame  of  the  machine.  The  two  halves 

elearTmaenet"’  together  by  six  horizontal  bolts.  The  coils  of  the 

electro-magnets  are  copper  bars  having  a section  from  0-3  to  0-35  sq.  inch 

ig.  shows  the  manner  of  coiling  for  eight  magnets.  The  magnets^  which 


Fig.  288.— Diagram  of  Ferranti’s  Electro-Magnet. 
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practically  stand  close  together,  are  here  separated  from  each  other,  so  as  to  show 
the  different  curves  more  distinctly.  In  commencing  the  coiling,  copper  bar  (i) 
is  wound  round  the  first  iron  core,  and  round  the  second  core  in  the  opposite 
direction,  and  so  on  until  it  comes  to  the  last  core,  where  it  ends  at  i.  Upon 
this  the  second  layer  is  coiled  (ii),  ending  at  2 ; then  comes  the  third  layer  (iii)> 
indicated  , by  the  five  dotted  lines  in  the  figure,  ending  at  3 ; and  the  last  layer 
(iv),  ending  at  4.  The  end  of  the  first  layer  i is  joined  with  the  end  of  the 
second  layer  2,  and  so  on  through  the  series,  so  that  all  the  layers  together  form 
one  continuous  circuit,  commencing  at  i and  ending  at  iv.  Practically  the 
layers  would  be  close  together,  of  course.  If  we  follow  the  curves  representing 
the  copper  bars,  we  find  that  the  successive  iron  cores  must  be  surrounded  by 
currents  with  alternate  directions,  and  therefore  the  north  and  south  polarity  must 
constantly  change.  The  electro-magnets  themselves  appear  arranged  in  series,  as 
the  current  has  to  flow  through  all  the  copper  bars,  of  which  there  are  nine.  In 
order  to  insulate  the  different  layers  from  each  other,  at  every  bend  of  the  bars 
insulating  pins  are  placed.  The  current  is  introduced  into  the  coils  of  the 
electro-magnets  by  means  of  the  ring  seen  on  the  left  hand  of  Fig.  285,  when 
the  current  will  flow  through  one  series  of  magnets,  then  through  the  second 
series  of  magnets,  and  then  leave  the  field  coils  by  means  of  the  second  ring  of 
the  machine.  By  1,000  revolutions  per  minute  a current  of  2,000  amperes,  with 
an  E.  M.  F.  of  200  volts,  is  produced.  The  machine  is  intended  to  feed  incan- 
descent lamps,  therefore  its  resistance  is  made  as  little  as  possible. 

In  event  of  damage,  this  machine  is  not  so  easily  repaired  as  the  Siemens 
machine.  The  current  for  the  electro  magnets  is  furnished  by  a continuous 
current  machine,  in  which  the  magnets  have  the  same  construction  as  in  the 
machine  just  now  described.  The  copper  bars  have  a cross  section  of  from  o'6 
to  I '35  sq.  inches,  the  armature  consists  of  five  curves,  each  curve  having  four 
copper  bands,  the  breadth  of  which  is  i‘5  inches.  The  bands  are  joined  in 
parallel  {i.e.  with  a quantity  arrangement)  and  are  connected  with  a peculiarly 
constructed  commutator.  The  armature  makes  from  300  to  400  revolutions  per 
minute,  and  furnishes  a current  of  800  amperes,  with  an  e.  m.  f.  of  10  volts.  A 
published  report  respecting  a machine  exhibited  in  London  in  1883  at  the 
Aquarium  is  as  follows  : The  machine  makes  1,900  revolutions  per  minute,  and 
is  driven  by  two  leather  belts,  which  run  with  a velocity  of  5,000  feet  per  minute. 
In  spite  of  the  great  speed  of  the  machine,  the  320  Swan  lamps  which  the 
machine  is  supposed  to  feed  are  only  indifferently  supplied,  and  the  amount  of 
horse-power  bears  no  definite  or  constant  relation  to  the  effects  produced. 

The  Socidte  Anonyme  d’^llectricit^  constructed  a continuous  current  machine 
(the  Gerard),  with  field-magnets  projecting  radially  inwards,  and  also  a Gerard 
alternate  current  machine  in  which  the  field-magnets  rotated  and  the  armature 
coils  were  stationary.  Both  these  machines  were  described  in  the  previous 
edition  of  this  work.  An  alternating  machine  of  similar  type  to  the  latter  but 
differing  in  many  details  was  designed  in  England  by  Mr.  J.  E.  H.  Gordon.  As 
this  machine  is  interesting  historically  we  propose  to  describe  it. 
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Gordon’s  Generator.  — Gordon’s  alternate  current  machine  was  con- 
structed by  the  Telegraph  Construction  and  Maintenance  Company  to  light 
their  works  at  Greenwich.  The  electro-magnets  in  this  machine  rotate,  whilst 
the  armature  is  fixed.  It  is  represented  in  Fig.  289.  One  half  of  the  figure 
represents  a cross  section,  the  other  half  an  end  view.  The  shaft  w moves  in  two 


Fig.  289. — The  Gordon  Generator. 


\ 

bronze  bearings,  and  carries  in  the  middle  two  wrought-iron  discs  a,  of  nearly 
ri  lameter.  To  each  of  these  a flat  cone  b of  strong  sheet  iron  is 

.Wr  to  a kind  of  nave  N attached  to  the 

snatt.  The  cone  b serves  the  purpose  of  stiffening  the  disc  a.  In  the  space 

rin<.?r  axle-bearing,  rings  e are  fixed  upon  the  shaft.  These 

rinl  them  filled  with  vulcanite,  to  carry  and  insulate  the  contact 

connPr’K  u bronze,  and  are  intended,  together  with  the 

conduct  the  current  into  the  electro- 
g e current  for  this  purpose  is  supplied  by  two  auxiliary  Biirgin 
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machines.  Each  of  the  discs  a carries  on  its  circumference  thirty-two  electro- 
magnets, the  coils  of  which  - have  currents  passing  through  them  in  such  a 
manner  that  a north  and  south  pole  in  the  circle  recur  alternately.  The  magnets 


Fig.  290. — The  Gordon  Generator, 
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are  put  in  series  at  both  sides  of  the  field-magnet  wheel  a.  The  magnet  cores 
are  made  of  wrought  iron  and  penetrate  the  combined  discs,  so  that  one  pole  is 
on  one  side  of  the  disc  and  the  other  pole  on  the  other  side.  The  insulated 
wire  is  wound  on  brass  spools  which  are  slipped  over  the  cores.  Upon  the 
massive  cast-iron  supports,  strong  iron  rings  R are  fastened,  and  held  in  posi- 
tion by  the  horizontal  bars  h.  At  the  inside  of  each  cast-iron  ring  sixty-four 
armature  coils  F are  fixed,  and  are  insulated  from  the  ring  by  means  of  wooden 
plates.  The  total  number  of  armature  coils  is,  therefore,  128.  The  coils  are 
grouped  into  two  different  circuits,  to  distinguish  which  the  coils  are  painted 
alternately  red  and  blue.  The  iron  cores  of  the  coils  are  wedge-shaped,  and  the 
insulated  copper  wire  of  the  spools  has  a cross  section  of  '075  sq.  inch.  The 
coils  are  fixed  by  means  of  their  cores  to  the  iron  rings,  from  which  they 
are  insulated  by  the  wooden  pieces  mentioned  before.  The  coils  have  the 
sides  facing  the  rotating  magnets  covered  and  protected  by  German  silver 
sheets ; from  which  the  electro-magnets  are  only  ^ inch  distant.  The  copper 
wires  have  a double  coating ; every  coil  is  dipped  in  shellac  varnish,  and  then 
dried  at  a high  temperature,  and  finally  painted  with  asbestos  paint.  There  are, 
in  all,  128  stationary  bobbins  (64  on  each  side),  and  they  are  acted  on  induc- 
tively by  32  electro-magnets  having  64  poles,  so. that  there  are  twice  as  many 
bobbins  as  magnet  poles.  If  the  machine  had  the  same  number  of  bobbins  as 
electro-magnetic  poles,  the  inductive  action  of  one  bobbin  on  the  next  one 
would  be  so  strong  as  to  materially  reduce  the  efficiency  of  the  machine.  The 
rotating  discs,  with  their  electro-magnets,  weigh  nearly  7 tons.  The  total  weight 
of  the  machine  is  nearly  18  tons. 

On  looking  at  Fig.  290  we  see  that  the  rings  carrying  the  armature  coils 
consist  of  several  pieces;  the  small  middle  piece  at  the  upper  portion  of  the 
ring,  placed  between  the  two  side  segments,  is  easily  removed,  so  as  to  allow 
the  magnets  to  be  repaired  if  they  become  damaged.  The  following  is  a pub- 
lished report  of  the  results  obtained  with  this  machine.  The  generator  supplying 
the  electro-magnets  with  current  was  set  in  motion  by  a 5 horse-power  steam- 
engine,  the  current  thus  obtained  being  equal  to  twenty-five  amperes.  The 
large  steam-engine  which  worked  the  alternating  current  machine  required  170 
horse-power  that  is,  for  principal  and  auxiliary  generators,  175  horse-power  were 
required.  The  alternating  current  machine  furnished  a current  having  a 
potential  ot  103  volts,  and  supplied  1,400  Swan  lamps  in  tAvo  rows.  Each  lamp 
was  estimated  to  have  a resistance  of  thirty  ohms,  and  to  give  a light  equal  to 
twenty-two  or  twenty-three  candles.  The  total  resistance  of  the  machine  was 
equal  to  0-0985  ohm,  and  the  resistance  of  the  circuit  to  o’oo6  ohm,  which 
gives  a current  of  1,030  amperes.  This  amounts  to  180  candles  for  each  horse- 
power. The  proportion  of  electrical  work  done  by  the  alternating  current 
machine,  to  the  work  measured  in  the  cylinder  of  the  steam-engine,  was  o-8i6. 

The  Ganz  Generator. — The  steam  electric  light  machine,  by  Ganz  and  Co., 
was  constructed  by  Mechwart  and  Zipernowsky.  The  generator  that  supplies  the 
e ectro-magnets  with  current,  the  machine,  and  the  steam-engine  are  connected 
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with  each  other  in  such  a manner  that  all  three  together  may  be  regarded  as 
forming  only  one  machine.  All  the  rotating  portions  are  fixed  to  the  fly-wheel 
of  the  steam-engine,  so  that  nowhere  is  any  belt  or  coupling  used.  Figs.  291 
and  292  represent  the  machine  in  perspective  and  in  section.  The  movable 


Fig.  291. — The  Gam  Generator. 


portions  of  the  machine  are  the  electro-magnets  of  the  alternating  current 
generator,  and  the  Gramme  ring  of  the  auxiliary  machine.  On  the  circumference 
of  the  fly-wheel  b b belonging  to  the  steam-engine,  thirty-six  electro-magnets  m 
are  fastened.  These  rotate  so  that  their  pole-pieces  pass  close  to  the  induction 
coils  r r (also  thirty-six  in  number),  which  are  fastened  to  the  inside  of  the  fixed 
drum  A A.  The  drum  has  iron  wire  wound  round  it,  and  is  supported  by  an  iron 
frame.  The  current  is  so  conducted  through  the  coils  of  the  electro-magnets 
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that  the  magnetic  polarities  continually  change  j therefore  alternating  currents 
will  be  generated  in  the  coils  of  the  drum.  The  exciting  machine  consists  of 
the  Gramme  ring  k r,  which  is  fastened  to  the  fly-wheel  of  the  steam-engine,  and 


Its  inducing  electro-magnets  p (twelve  inside  and  twelve  outside  the  ring)  come 
c ose  to  the  ring,  and  are  fastened  to  the  fixed  drum.  The -auxiliary  generator  thus 
ta  es  up  the  middle  portion  of  the  whole.  The  currents  induced  in  the  Gramme 


;.  292. — The  Ganz  Generator. 
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ring  flow  from  the  commutator  c through  brushes  to  the  sliding  rings  s Sj,  and 
then  to  the  electro-magnets  of  the  alternate  current  generator.  The  diameter  of 
the  Gramme  ring  is  59  inches,  and  the  diameter  of  the  fixed  drum  which  carries 
the  induction  coils  of  the  alternate  current  generator  is  118  inches.  For  the 
lighting  machine  a compound  steam-engine  D is  used.  The  steam-engine  makes 
180  revolutions  per  minute,  and  exerts  150  horse-power.  The  whole  machine 
possesses  only  three  bearings  l.  In  the  event  of  damage  the  drum  may  be 
moved  out  of  its  position  by  means  of  the  wheels  b a d,  as  to  expose  the 
fly-wheel  with  the  electro-magnets  and  the  Gramme  ring.  The  little  wheel  to 
the  left  of  the  drawing  is  for  the  purpose  of  adjusting  the  brushes.  This  con- 
nection of  a steam  and  lighting  machine  has  the  following  advantages  : no  belt 
is  required  for  transmission,  the  machine  needs  very  little  attendance,  and  the 
bearings  are  not  so  soon  worn  out,  as  they  rotate  with  comparatively  moderate 
velocity.  The  thirty-six  coils  of  the  alternating  machine  are  joined  in  parallel, 
and  have  a resistance  of  only  0*0039  ohm.  The  thirty-six  electro-magnets 
joined  in  six  circuits  possess  a resistance  of  0*41  ohm ; the  ring  of  the 
exciting  machine,  with  its  six  brushes  at  the  collector,  has  a resistance  of  0*165 
ohm,  and  the  twenty  four  electro-magnet  coils  in  the  six  circuits  of  the  exciting 
machine  0*24  ohm.  By  180  revolutions,  and  an  outer  resistance  of  0*038 
ohm,  the  difference  of  potential  at  the  poles  of  the  alternating  machine  is 
57*6  volts.  Difference  of  potential  between  the  two  brushes  of  the  iriducing 
machine  = 36*4  volts  (with  resistance  0*24  ohm),  which  gives  for  the  total 
electrical  work  done  140  horse-power,  85  per  cent,  of  which  is  utilised  as 
the  electrical  work.  During  the  exhibition  (Vienna,  1883)  the  machine  supplied 
i)°3S  incandescent  lamps  (Swan).  According  to  a report  of  the  “ Wiener 
electro-technischen  Vereines,”  this  machine  supplied  current  for  the  lighting  of 
the  exhibition  theatre  during  the  exhibition  without  the  slightest  interruption. 


UNI-POLAR  MACHINES. 

Ball’s  Machine. — The  group  of  machines  we  have  next  to  describe  differ 
from  the  foregoing  in  this  respect  : the  conductors  in  which  the  currents  are 
induced  do  not  alternately  pass  different  magnetic  fields,  but  move  in  one  and 
the  same  field.  They  are  termed  uni-polar  machines.  The  so-called  uni-polar 
machine  by  Ball  (Fig.  293)  does  not,  strictly  speaking,  belong  to  this  class,  but 
we  describe  it  here  so  that  the  reader  may  trace  the  difference  between  it  and  the 
true  uni-polar  machines.  It  is  simply  a Gramme  machine  with  differently  arranged 
pole-pieces  and  double  rings,  the  upper  and  lower  poles  not  being  one  under  the 
other,  and  each  having  a ring  of  its  own.  Upon  the  vertical  side-supports  horizontal 
iron  cores  are  fastened,  as  in  the  Gramme  machine,  and  have  insulated  wire  wound 
round  them  almost  through  their  whole  length  \ the  turns  are  arranged  so  that  when 
a current  is  passing  similar  poles  come  together  at  the  top  pole-piece,  and  similar 
poles  likewise  at  the  bottom.  These  electro-magnets,  together  with  the  two  supports, 
constitute  two  horse-shoe  magnets,  the  arms  of  which  are  unequal  in  length,  and 
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the  similar  poles  of  which  face  each  other.  The  two  pole-pieces,  therefore,  have 
opposite  magnetic  polarity.  One  pole-piece  surrounds  the  upper  portion  of  a 
Gramme  ring,  the  other  pole-piece  the  lower  portion  of  a second  Gramme  ring. 
Each  of  the  Gramme  rings  is  fastened  to  a separate  shaft,  and  they  move  in 
opposite  directions.  The  machine,  therefore,  resembles  two  coupled  Gramme 
machines,  although  the  rings  are  influenced  at  each  side  by  only  one  magnet 
pole.  In  the  half  of  the  ring  nearest  the  electro-magnet  pole  dissimilar 
magnetism  is  produced,  and  in  the  half  opposite,  similar  magnetism  to  that  of 
the° adjacent  pole.  The  coils,  therefore,  experience  inducing  effects  through 
south  as  well  as  north  magnetism.  That  this  is  so  may  be  seen  by  simply 
adjusting  the  brushes,  which  require  to  be  placed  as  in  the  ordinary  Gramme 
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Fig.  293. — Ball’s  (so-called)  Uni-polar  Dynamo. 


machine.  Ball’s  machine  differs  in  this  respect  from  the  Gramme  machine  : that 
in  the  former,  for  two  armatures,  only  two  magnetic  poles  are  needed,  whilst  the 
Gramme  machine  requires  for  each  armature  two  such  poles.  Ball’s  machine  is 
less  heated  than  a Gramme  of  the  same  power,  as  the  same  quantity  of  wire  is 
wound  upon  two  instead  of  upon  one  ring.  It  seems  that  in  order  to  produce 
two  powerful  poles  in  the  ring  one  magnetic  field  is  sufficient,  and  such  an 
arrangement  has  the  advantage  of  suppressing  Foucault  or  eddy  currents.  Robert 
Sabine,  of  London,  who  has  examined  Ball’s  machine,  made  the  following  report : 
Strength  of  current  = 15  amperes,  difference  of  potential  at  the  poles  — 195  volts, 
resistance  of  the  machine  = 4^5  ohms,  when  the  machine  made  from  1,650  to 
1,715  revolutions  per  minute.  The  work  done  upon  the  dynamo-machine  = 5-68 
horse-power,  of  which  3-92  horse-power  come  to  the  external,  and  1-35  horse- 
power to  the  internal  circuit.  The  total  amount  of  electrical  work  done  = 5 27 
horse-power,  which  gives  for  the  total  electric  efficiency  0-92. 

Conditions  of  Maximum  Induction In  the  first  pordon  of  this 

wOik  it  has  been  mentioned,  that  in  order  to  produce  powerful  currents  it  is  not 
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necessary  to  vary  the  strength  of  the  magnetic  fields  in  which  the  conductor 
moves.  For  the  purpose,  motion  of  a conductor  in  a magnetic  field  is 
sufficient,  provided  the  direction  of  motion  is  not  the  same  as  the  direction 
which  the  lines  of  force  have,  or  in  the  case  of  a closed  circuit,  provided  the 
lines  are  not  cut  by  one  side  at  the  same  rate  and  in  the  same  direction  as  they 
are  cut  by  the  other  side.  A ring  moving  in  a uniform  field  parallel  to  itself 
would  have  no  current.  The  induction  will  be  most  powerful  when  the  lines 
of  force  are  cut  at  right  angles  in  opposite  directions  by  the  two  sides  of  the 
circuit.  When  the  direction  of  motion  of  the  conductor  takes  place  at  right 
angles  to  the  direction  of  the  lines  of  force,  the  direction  of  the  induced 


Fig.  294. — Siemens’  Uni-polar  Dynamo. 


currents  will  be  at  right  angles  to  the  direction  of  motion.  In  this  case, 
owing  to  this  motion  of  the  wire  through  the  magnetic  lines  of  force,  a 
current  will  be  induced  in  the  wire  which  flows  parallel  to  the  longitudinal 
axis  of  the  magnet.  All  three  directions — viz.,  direction  of  the  lines  of  force, 
direction  of  motion,  and  direction  of  the  length  of  wire — stand  at  right  angles 
to  each  other,  like  the  three  adjacent  edges  of  a cube.  These  conditions  exist, 
for  instance,  in  Siemens’  drum  armature,  although  the  latter  rotates  in  alternating 
magnetic  fields.  As  the  change  of  poles  is  always  accompanied  by  the  loss 
of  energy,  to  avoid  this  change  of  polarity  as  much  as  possible  seems  advan- 
tageous. That  is  the  reason  why  some  continuous  current  and  alternating  current 
machines  constructed  recently  have  no  iron  cores.  The  armatures  in  the 
machines  by  Elphinstone  and  by  Thomson  are  also  free  from  iron,  although  the 
change  of  current  in  the  armature  is  still  left. 

Siemens’  Uni-polar  Machine. — No  change  of  the  magnetic  field  nor 
change  in  the  direction  of  the  induced  current  takes  place  in  the  uni-polar 
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machine  by  Siemens,  shown  in  Fig.  294.  The  electro-magnet  e is  fixed  horizontally, 
and  has  at  both  sides  cylindrically  bent  pole-pieces  l ; each  of  the  spaces 
formed  in  this  manner  is  a magnetic  field  of  only  one  kind.  Split  cylinders 
of  copper,  which  have 
their  bearings  upon  the 
supports  A and  B,  rotate 
in  these  hollow  spaces, 
and  constitute  the  arma- 
tures. Each  of  the  cylin- 
ders is  made  of  four 
copper  strips,  insulated 
and  parallel  to  the 
longitudinal  direction  of 
the  axis,  and  each  end 
of  these  strips  is  con- 
nected with  one  of  the 
sliding  rings  s Sj.  The 
brushes  Bj  conduct  the 
induced  currents  from  the  copper.  The  two  armatures  are  put  into  motion 
by  means  of  the  wheels  r R;^  and  a belt. 

In  this  machine  the  copper  strips  of  the  armature  are  always  at  right  angles 
to  the  lines  of  force ; the  direction  of  the  currents  will  therefore  remain  the 


Fig.  295. — Ferraris’  Uni-polar  Dynamo. 


Fig.  296. — Ferraris’  Uni-polar  Dynamo. 


same,  as  the  strips  always  rotate  in  one  and  the  same  magnetic  field.  The 
direction  of  the  currents  corresponds  with  the  longitudinal  direction  of  the 
strips,  which  will  be  either  from  left  to  right  or  right  to  left,  depending  upon 
the  direction  of  motion  of  the  armature. 

Although  Siemens’  uni-polar  machine  has  not  yet  been  put  to  practical  use,  it 
has  se^ed  as  a model  for  the  construction  of  E.  Ferraris’  uni-polar  machine. 
Ferraris,  a director  of  mines,  in  constructing  this  machine,  aimed  at  supplying 
a generator  of  electricity  suitable  for  electro-chemical  purposes.  We  shall  take 
this  subject  up  again  farther  on,  with  the  view  of  showing  that  by  utilising 
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electiical  currents  for  chemical  and  metallurgical  purposes  a vast  field  of  enter- 
prise is  yet  to  be  opened. 

Uni-polar  Machine  by  Ferraris.-The  uni-polar  machine  by  Ferraris 
IS  represented  in  Figs.  295,  296,  and  297.  The  machine,  like  that  of  Siemens, 
possesses  two  armatures  which  are  insulated  and  fastened  upon  the  axes  a x, 
and  consist  of  copper  bars  b b,  running  parallel  to  the  axes,  the  ends  of  which 
are  screwed  to  the  discs  r r,  and  are  connected  with  the  rings  which  bear  the 
collectors  c c.  By  making  the  cylinder  of  separate  bars,  transverse  currents 
are  avoided.  On  one  side  of  the  cylinder  the  bearings  are  connected  by 
the  piece  j,  whilst  on  the  opposite  side  are  the  binding  screws  k k.  The  copper 
bars  of  both  armatures  may  therefore  either  be  joined  in  series  or  parallel. 
1 he  binding  screws  k k conduct  the  induced  currents  into  the  outer  circuit ; 
with  the  help  of  the  binding  screws  k k a branch  current  may  be  shunted  into 


the  coils  of  the  electro-magnets  e.  As  the 
bearings  c c are  inserted  in  the  circuit  of 
the  machine,  none  of  the  ordinary  lubricators 
can  be  used,  as  they  would  prevent  the  pas- 
sage of  the  currents ; this  difficulty  has  been 
overcome  by  using  inside  the  bearings  lubri- 
cators which  consist  of  an  alloy  of  thallium. 
The  electro-magnets  are  flat,  and  are  ar- 
ranged in  the  same  manner  as  in  the  drum 
Fig,  297. — Ferraris’ Uni-polar  Dynamo,  machine  of  Siemens;  both  upper  and  lower 

arms  have  their  similar  poles  facing  each 
other,  and  connected  by  means  of  semi-cylindrical  pole-pieces  (Fig.  297) ; the 
cavities  of  the  latter,  however,  do  not  face  each  other,  but  are  arranged  on 
opposite  sides.  Each  pole-piece,  therefore,  surrounds  in  opposite  directions 
one-half  of  an  armature  cylinder.  The  ends  of  the  electro-magnet  arms  which 
are  away  from  the  armatures,  are  connected  by  the  iron  pieces  which 
form  at  the  same  time  the  side-supports  s of  the  machine.  The  four 
arms  of  the  electro-magnets  and  the  two  side-supports  together  make  up  two 
horse-shoe  magnets,  which  have  their  similar  poles  facing  each  other.  The 
shafts  of  the  armatures  have  at  one  end  the  driving  wheels  r r,  at  the  other 


end  the  toothed  wheels  f f,  for  the  purpose  of  transmitting  the  motion 
from  one  cylinder  to  the  other.  The  toothed  wheels  and  the  shaft  being 
made  of  soft  iron,  form  together  a kind  of  horse-shoe,  or  armature  x f f x 
(Fig.  296),  of  the  electro-magnets,  which  causes  concentration  of  the  lines 
of  force.  For  the  same  purpose  the  space  between  the  cylinder  jacket 
and  the  axis  is  partly  filled  up  with  iron  discs.  The  circuit  of  the  mag- 
nets may  be  arranged  as  a shunt  to  the  circuit  of  the  armatures  by  means 
of  the  clamps  k k.  Each  magnet,  however,  has  a commutator,  by  means  of 
which  the  arms  of  the  electrodes  may  be  joined  up  in  series  or  parallel, 
according  as  the  purpose  for  which  the  current  is  to  be  used  requires  high 
potential  or  quantity.  By  means  of  these  commutators  different  resistances  may 
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be  inserted,  and  the  coils  of  the  magnets  may  be  further  connected  with 
an  auxiliary  machine.  The  machine  may  also  be  used  as  an  ordinary 
dynamo-electric  machine,  for  its  construction  allows  of  the  separation  of 
the  dissimilar  poles  of  its  magnets  so  as  to  make  room  for  an  armature  of 
either  the  Siemens,  Edison,  or  Biirgin  pattern.  The  upper  cylinder  rotates 
above  one  pole  in  one  direction,  the 
lower  cylinder  below  the  opposite  pole 
in  the  opposite  direction.  Two  of 
these  changes  neutralise  one  another 
so  that  the  three  are  equivalent  to 
one.  Hence  the  currents  induced 
in  the  copper  bars  of  the  upper 
cylinder  must  have  the  opposite 
direction  to  the  currents  in  the 
lower  cylinder.  As  both  are  con- 
nected by  the  piece  s on  one  side, 
this  piece  and  the  two  cylinders 
form  part  of  the  same  circuit, 
in  which  all  the  induced  currents 
must  have  a continuous  direction, 
therefore  positive  electricity  will  flow 
from  one  binding  screw  k to  the 
other. 

Edison’s  Disc  Dynamo. — 

We  may  mention  here  one  more 
machine,  for  which  Edison  has  taken 
out  a patent.  From  a practical 
point  of  view  this  machine  is  as 
yet  of  no  importance,  but  may  be 
considered  as  the  first  of  a kind 
constructed  on  the  basis  of  Fou- 
cault’s rotation  apparatus  (page  189).  A copper  disc  rotating  between  the 
poles  of  a powerful  magnet  has  the  induced  currents  flowing  in  radial  direc- 
tions. Foucault’s  apparatus  is  of  no  use  for  generating  electrical  currents 
for  practical  purposes : first,  because  not  sufficient  electricity  can  be  pro- 
duced; secondly,  because  the  arrangement  for  the  conduction  of  the  in- 
duced currents  at  the  surface  of  the  disc  is  not  of  a very  practical 
character  j lastly,  transverse  currents  make  their  appearance  in  the  solid  disc. 
Edison  has  attempted  to  avoid  these  drawbacks  in  his  machine,  shown  in  plan 
in  Fig.  299.  Instead  ot  using  only  one  horse-shoe  magnet,  he  uses  two,  the 
shoes  or  pole-pieces  of  which  a Aj  and  b Bg  he  arranges  as  near  each  other 
as  possible.  The  copper  disc  which  has  to  rotate  in  the  powerful  magnetic 
fields  thus  produced  does  not  consist  of  a solid  disc,  but  is  composed  of 
sixteen  radial  bars  or  spokes  (numbered  i to  16,  Fig.  298),  with  an  insulating 


Fig.  298. — End  View  of  Edison’s  Disc  Armature. 


Fig.  299. — Edison’s  Disc  Dynamo. 
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substance  between,  and  connected  at  the  outer  ends  by  concentric  hoops. 
When  this  disc  is  made  to  rotate  between  the  poles  of  the  electro-magnets, 
currents  will  be  induced  that  flow  radially,  oscillating  in  two  directions.  As  the 
lines  of  force  in  the  two  magnetic  fields  also  have  opposite  directions,  in  one 
half  of  the  disc  their  attention  will  be  centripetal,  in  the  other  half  centrifugal. 

In  order  to  conduct  away  the  currents  induced  in  the  copper  strips,  their  inner 
ends  are  connected  with  a commutator,  while  the  copper  hoops  connecting  the 
outer  ends  complete  the  closed  circuit  of  the  armature. 

REGULATION  OF  THE  CURRENT. 

Before  proceeding  to  describe  modern  dynamo  machines  it  will  be  advan- 
tageous here  to  refer  to  the  methods  employed  in  the  early  days  of  electric 
lighting  for  the  regulation  of  the  current. 

General  Kxplanation. — Before  the  current  produced  by  the  generator 
can  be  used  to  do  the  required  work,  it  is  necessary  to  see  to  its  regulation  and 
distribution.  The  due  regulation  of  the  current  is  of  as  much  importance  as 
the  adoption  of  suitable  generators  and  receivers,  i.e.  the  apparatus  which 
produces,  receives,  and  consumes  the  current,  such  as  lamps,  motors,  or 
electrolytic  cells. 

To  work  with  unregulated  currents  is  far  from  economical,  and  often  causes 
considerable  loss,  as  may  be  shown  by  the  following  example  : Suppose  the 
currents  of  a machine  to  have  a strength  corresponding  to  the  number  of  lamps 
which  they  are  supposed  to  feed.  Now  suppose  that  all  of  a sudden,  either  by 
chance  or  purpose,  a number  of  lamps  are  put  out,  at  once  the  resistance  in  the 
circuit  is  considerably  diminished.  The  current  being  inversely  proportional  to 
the  resistance,  it  follows  that  the  decrease  of  resistance  causes  increase  of 
current,  which  will  not  only  alter  the  remaining  lamps,  but  might  injure  the 
insulation  of  the  machine,  or  melt  off  portions  of  metal.  To  prevent  cases  like 
this  occurring,  the  generator  may  be  constructed  so  as  to  allow  to  pass  only 
currents  of  such  strength  as  are  wanted,  or  regulators  constructed  for  the  purpose 
may  be  used.  Finally,  the  receivers,  i.e.  the  lamps,  may  be  so  arranged  as 
to  allow  only  the  required  current  to  pass.  The  fluctuations  of  current  are 
especially  unpleasant  in  machines  w'here  the  dynamo-electric  principle  is 
thoroughly  adopted,  i.e.  where  the  coils  of  armatures  and  coils  of  magnets 
together  form  only  one  circuit.  Every  increase  of  resistance  in  the  circuit  here 
will  cause  diminution  of  current  as  a matter  of  course ; in  the  dynamo-electric 
machine,  when  the  current  is  weakened  the  electro-magnets  are  also  weakened. 
Let  us  suppose,  for  the  sake  of  illustration,  that  the  current  has  to  feed  an  arc 
lamp,  and  suddenly  a piece  of  one  of  the  carbons  springs  off,  thereby  increasing 
the  resistance.  The  current  will  decrease,  and  the  machine  wn'll  furnish  a weaker 
current  just  at  that  particular  moment  when  a stronger  current  is  required  to 
maintain  the  lamp  burning.  Although  the  lamp  might  not  go  out,  a change  in  the  . 
intensity  of  the  light  will  certainly  be  produced.  As  \ve  have  already  seen,  it  was 
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for  this  reason  that  Wheatstone  placed  the  electro-magnets  in  shunt,  so  that  the 
circuit  of  the  magnets  should  be  separated  from  that  of  the  armature  and  receiver. 
Brush  makes  the  outer  circuit  independent  of  the  intensity  of  the  magnetic  field 
by  providing  the  electro-magnets  with  coils  of  much  thinner  wire  in  addition  to  the 
ordinary  coils,  the  ends  of  which  are  connected  with  the  collecting  brushes. 
Marcel  Deprez  obtains  current  regulation  along  with  the  distribution,  and  aims 
at  securing  (1)  that  each  portion  of  the  apparatus  shall  receive  the  necessary 
current,  and  shall  act  independently  of  the  others ; (2)  that  the  necessary 
regulation  shall  be  executed  by  the  machine  itself ; (3)  that  this  regulation  shall 
be  of  such  a kind  that  the  machine  produces  only  such  current  as  is  required 
for  the  apparatus  inserted  in  the  circuit. 

It  follows  that  as  the  total  amount  of  electrical  energy  is  the  product  of 
E.  M.  F.  multiplied  by  the  quantity  of  electricity  a variation  in  the  total 
energy  might  be  brought  about  either  by  altering  the  E.  m.  f.,  or  by  altering 
the  quantity  of  the  current,  or  by  altering  both.  Deprez  takes  only  the  first 
two  cases  into  consideration,  and  shows  that  to  vary  the  electro-motive  force 
with  constant  current  strength  requires  the  parts  of  the  apparatus  to  be  joined 
in  series.  To  vary  the  current  strength  with  constant  E.  M.  f.  requires  the  parts 
of  the  apparatus  to  be  arranged  in  a divided  circuit. 

By  again  referring  to  the  analogous  case  of  a flow  of  water,  the  reasons  for  this 
difference  of  arrangement  may  be  made  clearer.  Let  us  suppose  that  the  energy  of 
a waterfall  is  to  be  utilised  by  means  of  several  hydraulic  motors,  which  may  be 
arranged  either  one  above  the  other,  or  side  by  side.  In  the  first  case  each  motor 
would  obtain  the  same  quantity  of  water,  but  only  a portion  of  the  height  through 
which  the  water  falls  would  be  utilised  by  each  one.  If  more  motors  were  to  be 
driven  in  the  same  way  by  the  same  stream,  the  head  of  the  water  would  have 
to  be  raised  so  as  to  fall  through  a greater  distance,  in  order  to  admit  of  a greater 
number  with  the  same  difference  of  level  for  consecutive  motors.  This  would 
correspond  to  a joining  in  series.  In  the  second  case  the  motors  stand  side  by 
side,  and  the  force  with  which  the  w'ater  comes  down  is  the  same  in  all  the 
motors.  Each  uses  the  force  due  to  the  whole  height,  but  receives  only  a 
fraction  of  the  total.  If  now  the  number  of  motors  is  to  be  increased  in  this  case 
it  is  evident  that  the  quantity  of  water  in  the  water-fall  has  also  to  be  increased. 
This  arrangement  represents  joining  in  parallel. 

This  method  of  regulating  the  current  has  been  applied  in  practice  by  Deprez 
in  the  following  manner-:  The  electro-magnets  of  the  machine  furnishing  the 
current  have  two  separate  circuits,  the  coils  of  which  run  parallel  to  each  other ; 
so  that  the  currents  of  both  systems  of  coils  flow  in  the  same  direction  and 
consequently  aid  each  other.  Through  one  of  the  circuits  flows  a constant 
current,  which  is  furnished  by  a separate  source  of  electricity,  as  shown  in  Fig. 
300.  Into  the  second  circuit  of  the  electro-magnets  flows  the  total  current 
produced  by  the  principal  machine  and  utilised  in  the  outer  circuit  when 

parts  of  the  apparatus  to  be  supplied  with  the  current  are  put  in  shunt, 
nly  a branch  current  reaches  the  apparatus  when  it  is  put  in  series.  Let  us 
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first  consider  the  joining  in  parallel  arrangement.  There  are  always  two 
E.  M.  F.s  active  in  the  principal  machine  : the  one  produced  by  the  indepen- 
dent generator,  which  is  invariable,  and  which  is  proportional  to  the  internal 
resistance  (also  invariable)  of  the  lighting  machine ; the  other,  which  is  variable, 
and  is  produced  by  the  lighting  machine  itself.  When  a certain  number  of 
parts  joined  in  parallel  are  active  in  the  circuit,  the  resistance  and  current  in  the 
total  circuit  will  depend  on  the  number  of  these  parts.  If  now  one  of  the 


Fig.  300 — Deprez’s  Method  of  Regulation. 


parts  be  taken  out,  the  current  loses  one  of  the  parallel  passages ; hence  it 
finds  a greater  resistance.  But  since  the  current  is  inversely  proportional  to  the 
resistance,  it  follows  that  the  current  must  decrease.  The  reverse  takes  place 
when  the  number  of  parts  employed  is  increased.  For  every  fresh  part  inserted 
the  current  finds  one  more  passage,  that  is,  meets  less  resistance,  and  is  there- 
fore increased.  By  means  of  the  above  arrangement  a self-regulating  system  to 
some  extent  is  obtained. 

When  the  parts  of  the  system  that  use  up  the  current  are  joined  in  series 
a constant  current  will  flow  through  the  circuit  of  the  electro-magnet  furnished 
by  the  generator ; and  through  the  second  circuit,  which  is  parallel  to  that  of 
the  principal  machine  and  apparatus,  flows  a branch  current,  the  strength  of 
which  is  inversely  proportional  to  the  resistance  of  this  branch  circuit.  If  now 
one  or  more  parts  be  added,  the  resistance  in  the  outer  circuit  will  be  increased, 
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because  the  current  has  to  pass  through  a greater  number  of  parts  one  after 
the  other,  and  has  therefore  to  overcome  a greater  resistance.  But  increase  of 
resistance  in  the  outer  circuit  across  which  there  is  a shunt,  causes  also  increase 
of  current  in  the  shunt  the  resistance  of  which  remains  unchanged.  Therefore 
the  electro-magnets,  which  in  this  case  are  in  the  shunt,  will  become  more  power- 
ful, and  the  current  in  the  outer  circuit  will  thereby  be  increased.  The  strength 
of  the  current  diminishes  in  the  outer  circuit  in  a similar  manner  when  the 
number  of  parts  is  diminished.  Hence  by  shunting  the  electro-magnets  the 


Fig.  301. — Schuckert’s  Compound  Machine. 


current  of  the  principal  machine  is  regulated  without  needing  any  further  appa 
ratus  for  the  purpose. 

Compound  Machines. — When  the  resistance  in  the  external  circuit  has 
reached  a certain  limit  or  the  circuit  is  broken,  the  currents  induced  in  the 
arm.ature  by  the  residual  magnetism  of  the  electro-magnets  cannot  reach  the 
coils  of  the  magnets,  the  increase  of  the  current  cannot  take  place,  and 
the  magnets  receive  no  augmentation  of  their  power.  If,  however,  the  electro- 
magnets are  in  shunt,  their  power  will  be  increased  when  the  resistance  increases 
in  the  external  circuit.  The  shunt  machine,  therefore,  is  capable  of  working 
with  varying  resistances  in  the  external  circuit,  and  may  be  used  for  glow  lamps 
provided  the  power  of  the  electro-magnet  is  regulated  according  to  the  number 
0 lamps.  Edison,  as  we  shall  see  later  on,  obtains  this  adjustment  by  inserting 
varying  resistances  in  the  circuit  of  the  electro-magnets.  The  shunt  machine. 
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however,  works  advantageously  only  with  a certain  resistance.  As  the  lamps 
are  put  out  in  succession,  the  resistance  in  the  external  circuit  will  become 
larger  and  larger,  and  the  currents  in  the  shunt  circuit  and  electro-magnet 
coils  increase  more  and  more.  The  remaining  lamps,  therefore,  will  burn 
brighter  and  brighter,  and  might  finally  be  destroyed.  The  two  methods 
of  joining  them  show,  so  to  speak,  an  opposite  behaviour.  With  series 
dynamo  machines  a small  number  of  lamps  can  hardly  be  made  to  burn 
at  all,  while  by  using  shunt  machines  with  the  same  number  of  lamps,  the 


Fig.  302. — Siemens  and  Halske’s  Compound  Machine  producing  constant  e.  m.  F. 


lamps  run  the  risk  of  being  destroyed  on  account  of  the  heat  produced 
Engineers,  therefore,  have  adopted  a middle  course  between  the  two.  Machines 
have  been  constructed  by  R.  E.  Crompton,  Siemens  and  Halske,  and  S. 
Schuckert,  upon  this  compound  principle.  Fig.  301  represents  a compound 
machine  by  Schuckert,  intended  for  about  400  Edison  lamps.  Figs.  302 
and  303  represent  a compound  machine  by  Siemens  and  Halske.  These 
machines  differ  from  those  already  described  only  in  the  coiling  of  their  electro- 
magnets. This  is  also  the  reason  why  compound  machines  have  not  been 
considered  with  the  other  machines,  but  under  this  heading  of  current  regulation. 
In  Figs.  302  and  303  the  double  coiling  of  the  electro-magnets  is  extended  in 
such  a manner  that  each  wire  takes  up  half  of  every  magnet-arm.  In  practice 
the  arms  might  be  arranged  in  pairs  having  thin  and  thick  wire  alternately,  or 
the  different  wires  might  be  coiled  one  over  the  other. 
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The  mode  of  joining  up  the  generator  and  circuit  may  easily  be  understood 
from  Fig.  303.  The  coils  consisting  of  thick  wire  are  in  parallel  arrangement, 
the  coils  consisting  of  thin  wire  are  joined  in  series.  The  former  are,  however, 
in  series  with  the  external  circuit,  and 
the  latter  in  parallel  with  it.  The 
simple  arrows  indicate  the  direc- 
tion of  current  in  the  thick,  and  the 
plumed  arrows  indicate  the  direction 
of  current  in  the  thin  wires,  p and 
Pj  are  the  terminals  of  the  machine, 
to  which  the  outer  circuit  is  joined  ; 

B Bj  are  conducting  brushes  which 
slide  upon  the  commutator.  This 
compound  machine,  which  may  be 
regarded  as  consisting  of  a series 
dynamo  machine  with  a shunted  auxi- 
liary machine,  is  capable  of  regu- 
lating the  current  without  any  further 
apparatus,  and  works  uniformly  with 
varying  resistance  in  the  outer  circuit, 
provided  that  the  number  of  revolu- 
tions per  minute  is  constant.  Com- 
pound machines,  therefore,  are  well 
adapted  for  the  distribution  of  elec- 
tric energy  from  a centre. 

Regulators. — Special  apparatus 
for  the  regulation  of  the  current  have 
become  of  less  importance  since  the 
construction  of  compound  machines. 

Two  regulators  were  exhibited  during 
the  Paris  Exhibition  of  1881,  one  by 
Maxim,  the  other  by  Lane-Fox. 

Maxim  regulated  the  current  of  the 
lighting  machine  by  varying  the 
current  of  an  auxiliary  machine,  by 
adjusting  the  contact  brushes  of  its  commutator. 

The  Anglo-American  Electric  Light  Company  used  a rheostat  consisting  of 
carbon  discs,  for  the  regulation  of  current  in  their  machines,  and  a similar 
plan  was  employed  in  the  Brush  regulator  for  the  Victoria  dynamo.  The 
manner  of  working  of  the  Brush  regulator  may  be  understood  by  studying 
304  (from  “La  Lumiere  dlectrique ”).  Connected  with  the  terminals 
I h are,  on  the  one  side,  the  lamps  or  other  apparatus  in  the  outer  circuit 
i i'  h'  h,  and  on  the  other  side  the  electro-magnets  E,  the  carbon  disc,  and 
rheostat  r.  At  i and  ii  a branch  circuit  joins  the  circuit,  which  contains 


Eig.  3°3- — Diagram  of  Siemens’  Machine. 
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the  electro-magnet  d,  the  iron  core  of  which  is  carried  by  the  lever  c.  The 
right  arm  of  the  lever  rests  between  the  contact  pins  a and  b,  and  the 
. forces  of  attraction  are  opposed  by  a weight  g and  the  spring  r.  When  the 
lever  touches  the  pin  a the  electro-magnet  ^ will  be  inserted  in  the  branch 
circuit,  and  when  it  touches  the  pin  b the  branch  current  will  flow  through 
the  coils/  The  armature  ^ will  therefore  be  attracted  by  either  ^ on  the  left, 
or  / on  the  right  Keyed  upon  the  shaft  w above  the  armature  are  the 


wheels  z z',  which  are  maintained  in  motion  by  a driving  belt  Between  these 
wheels  is  another  wheel  h,  the  teeth  of  which  will  catch  the  teeth  of  either  z 01 
z',  according  as  the  armature  g moves  to  the  right  or  left  The  armature  g is 
lengthened  beyond  its  fulcrum,  and  the  projection  causes  the  connection  of  the 
wheel  H with  either  z or  z'.  The  wheel  h pushes  a plate  either  up  or  down, 
causing  increase  or  decrease  of  contact  between  the  several  carbon  discs  k 
of  the  rheostat ; and  thus  increasing  or  decreasing  the  current  When  the 
current  in  the  outer  circuit  surpasses  the  required  strength,  the  force  of 
attraction  of  the  magnet  d will  become  greater  than  the  force  of  the  spring  r 
and  the  weight  G.  The  right  side  of  the  lever  c therefore  must  move  down, 
and  coming  in  contact  with  b will  cause  the  insertion  of  the  electro-magnet  f. 
When  the  armature  g moves  to  the  right  its  projection  beyond  the  fulcrum 
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moves  to  the  left,  and  couples  a and  h.  This  causes  the  plate  p to  move  down 
and  widen  the  contact  between  the  carbon  plates  k k,  t.e.  increases  the  resistance 
of  the  rheostat,  diminishes  the  current  in  the  electro-magnets  e e,  and  thus 
diminishes  the  current  of  the  machine.  When,  on  the  contrary,  the  current  has 
become  too  weak,  the  lever  c will  be  lifted  by  the  spring  r and  the  counter- 
weight G,  contact  will  be  made  at  a,  making  the  electro-magnet  e active,  and 
causing  h to  move  in  the  opposite  direction.  The  plate  p is  lifted,  presses  the 
carbon  plates  against  each  other,  and  diminishes  the  resistance  of  the  rheostat, 
which  consequently  causes  an  increase  of  current.  When  the  working  current 
has  the  right  value,  the  lever  e rests  without  contact  between  a and  b. 

Edison’s  Method  of  Regulating  Current. — Edison  distributes  electricity 


from  his  central  stations  by  using  shunt  dynamos.  In  order  to  regulate 
the  total  amount  of  generated  electrical  energy  according  to  the  requirements 
by  this  arrangement,  the  e.  m.  f.  is  kept  constant  by  varying  the  strength  of 
current  m the  electro-magnets  by  means  of  resistances  inserted  in  the  circuit  of 
these  magnets.  The  insertion  and  taking  out  of  resistances  is  brought  about 
automatically.  The  apparatus  represented  in  Fig.  305  consists  of  two  groups, 
one  of  which  is  to  measure  the  strength  of  current  in  the  circuit,  the  other  to 
regulate  the  current  according  to  these  measurements.  From  the  machine  a 
the  current  flows  through  the  conductors  a a the  several  lamps  r.  The 
parallel  circuits  ^ r lead  to  a commutator/  of  four  contacts.  This  is  connected 
TK  ^ ^ resistance  box,  and  z is  a constant  resistance  of  50,000  ohms, 

e circuits  d d of  the  standard  battery  d,  whose  e.  m.  f.  is  no  volts,  lead  to 
e commutator/:  « is  a Thomson’s  mirror  galvanometer,  k being  the  lamp 
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of  the  galvanometer,  and  m the  scale.  The  current  regulator  b is  connected 
by  means  of  the  conductor,  b b with  the  coils  of  the  electro-magnets  of  the 


machine  A.  At  / a contact-breaker  is  inserted  into  the  circuit,  and  <;  is  a contact  . 
lever  moving  in  a circle  and  connected  with  c.  By  touching  one  of  the  contacts 
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also  arranged  in  a circle,  the  circuit  is  closed,  causing  the  current  to  pass 
through  a larger  or  smaller  number  of  resistances.  For  the  regulation  of  the 
current  two  distinct  operations  are  necessary ; the  measuring  of  the  current  in 
the  working  circuit  by  means  of  the  apparatus  c D,  and  the  insertion  of  a smaller 
or  a larger  resistance  in  the  circuit  of  the  electro-magnets,  by  adjusting  the  lever 
e according  to  the  measurements  obtained.  Fig.  305  will  make  this  clear.  To 
measure  the  current,  the  arm  of  j is  moved  to  the  right.  A branch  current  will 
now  flow  from  a a,  through  c c,  through  J g,  through  the  constant  resistance  h 
and  variable  resistance  to  the  galvanometer  n.  The  constant  resistance  h of 
50,000  ohms  is  inserted  so  that  the  galvanometer  does  not  get  the  full  strength 
of  current,  but  a small  fraction  of  it  only.  The  varying  resistance  i further 
diminishes  the  strength  of  the  current  when  it  is  found  to  be  still  too  large  for 
measurement  by  the  galvanometer.  The  current  passing  through  the  galva- 
nometer causes  a deflection  of  the  needle  proportional  to  its  strength, 
which  is  read  off  from  the  scale  m.  The  scale  is  so  arranged  that  one 
volt  causes  a deflection  of  three  divisions.  It  is  necessary  occasionally  to 
test  the  accuracy  of  the  scale,  and  to  find  out  whether  the  current  has  the 
nominal  strength  it  is  compared  with  the  current  of  the  standard  battery  d, 
which  is  inserted  for  this  purpose  in  the  galvanometer  circuit  by  moving  j 
towards  the  left.  The  current  of  the  battery  when  brought  into  the  circuit  flows 
through  / to  the  galvanometer.  If  now  the  deflection  of  the  needle  is 


the  same  as  in  the  first  reading,  the  current  has  its  normal  strength  j if  the 
deflection  is  not  the  same,  it  must  be  made  the  same  by  inserting  resistances  by 
means  of  the  apparatus  b.  The  contacts  arranged  in  a circle  are  the  termina- 
tions of  a series  of  resistances  represented  in  Fig.  306,  under  the  table  at  r, 
consisting  of  parallel  boards  held  together  by  four  rods,  upon  which  bright 
copper  wires  are  coiled.  This  arrangement  of  the  resistance  is  chosen  in  order 
to  avoid  heating  the  wires.  By  moving  the  arm  m c {e  in  Fig.  305)  a larger  or 
smaller  resistance  is  inserted.  The  current  might  be  regulated  by  inserting  the 
resistance  in  the  outer  circuit,  but  in  this  case  there  would  be  a loss  of  ener<^y. 
Edison  therefore  inserts  the  resistance  in  the  circuit  of  the  electro-magnets,  and 
by  doing  so  weakens  the  inducing  effects,  and  consequently  the  induced  current 
^v^hlch  has  to  do.  work  in  the  outer  circuit.  This  causes  no  loss  of  energy,  for 
the  chief  work  of  the  motor  consists  in  overcoming  the  forces  of  attraction 
etween  magnet  and  armature,  that  is  to  say,  in  moving  the  armature.  When 
the  force  of  the  magnet  is  weakened  the  motor  has  less  work  to  do.  To  prevent 
t^he  speed  of  the  motor  increasing  whenever  the  resistance  diminishes,  the  motor 
has  a regulator  which  causes  the  velocity  of  the  motor  to  remain  constant  by 
altering  the  admission  of  steam  into  the  cylinder. 

To  regulate  the  current  in  the  way  described,  an  attendant  has  to  watch  the 
Llim  required.  Following  the  plan  used  by 

of  current^X  Edison  constructed  an  apparatus  for  the  regulation 

Thi.  1 . 3°7,  which  inserts  the  required  resistance  automatically. 

This  regulator  consists  of  a kind  of  relay  c,  and  the  electro-magnets  a and  b. 
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the  pole-pieces  of  which  are  attached  to  the  ends  of  the  beam  of  a balance. 
The  lever  of  the  electro-magnet  c moves  between  the  two  contact-breakers  j and 
K,  and  is  able  to  bring  the  electro-magnet  a or  b into  the  circuit,  in  consequence 
of  its  touching  either  of  the  contact-breakers.  The  beam  of  the  balance,  which 
bears  the  pole-pieces  of  these  magnets,  is  provided  with  a tongue  E,  the  spring 
of  which  is  able  to  slide  over  a series  of  contact  strips,  which  are  successively 
connected  with  increasing  resistances. 

Supposing  the  working  current  to  be  of  normal  strength,  the  position  of  the 


Fig.  307.— Edison’s  Automatic  Regulator. 


lever  of  the  magnet  c is  midway  between  the  twm  contact  pieces,-and  the  magnets 
A and  B remain  without  currents.  If,  however,  the  current  is  less  or  greater 
than  the  normal  strength,  the  lever  is  repelled  by  the  electro-magnet  c and  closes 
the  contact-breaker  K,  or  is  attracted  more  powerfully  by  the  magnet  c and 
closes  the  contact-breaker  j.  In  both  cases  one  of  the  magnets  a or  B,  together 
with  its  coils  of  wire,  is  brought  into  the  circuit,  and  the  beam  of  the  balance  is 
thus  turned  in  one  or  the  other  direction.  ’ . 

In  order  to  bring  before  the  attendant  the  motion  of  the  spring  R quite  clearly, 
the  two  lamps  G and  h have  been  fi.xed  to  the  apparatus ; the  colour  of  the  glass 
of  one  of  these  lamps  is  blue,  that  of  the  other  red.  The  lever  of  the  magnet  c 
has  the  effect  of  bringing  the  red  or  the  blue  lamp  into  the  circuit. 

Regulation  by  Secondary  Generators. — The  apparatus  we  shall  next. 
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refer  to  differs  from  the  preceding  apparatus  for  the  regulation  and  distribu-- 
tion  of  current,  in  being  part  of  the  outer  circuit  instead  of  being  attached  to  the 
generator.  By  its  means,  currents  having  a certain  strength  are  altered  at  the 
place  of  consumption  according  to  requirements.  To  this  class  of  apparatus 


Gaulard  and  Gibbs’  Secondary  Generator. 


ged  the  secondary  generators  of  Gaulard  and  Gibbs,  which  received  the 
_ rrent  near  the  place  at  which  it  was  to  be  used,  and,  after  converting  and 
re-converting  it,  gave  it  up  for  use  as  required. 

To  convert  primary  into  secondary  currents,  as  with  every  other  conversion 
nf  roust  always  be  accompanied  by  loss.  The  secondary  generators 

au  ar  , represented  in  Fig.  308,  consist  of  sixteen  vertical  pillars,  fastened 
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between  two  wooden  boards  by  means  of  two  iron  bolts.  Each  of  these  pillars 
is  a coil  of  cable  made  in  the  following  manner  : 

A copper  wire,  ot6  inch  in  diameter,  is  insulated  and  surrounded  by 
forty-eight  wires  o'02  inch  in  diameter,  arranged  parallel  to  the  axis  of  the 
thick  wire.  The  forty-eight  fine  wires  are  separated  into  six  groups,  each  con- 
sisting of  eight  wires.  The  thick  wire  has  a small  resistance,  and  is  used  for 
conducting  the  primary  current.  The  different  groups  of  fine  wire  conduct  the 
secondary  current.  A series  of  commutators  above  unite  the  several  primary 
and  secondary  coils  in  groups  as  they  may  be  required. 

The  plan  of  using  induced  currents  for  lighting  or  securing  the  distribution 
of  the  current  is  not  new,  and  several  electricians  have  made  use  of  it : Charles 
Bright  in  1852,  Jablochkoff  in  1877,  Fuller  in  1879,  and  Haitzema  in  1882. 

Regulation  by  Secondary  Batteries. — Another  form  of  regulator  is 
found  in  the  Secondary  Batteries  referred  to  on  page  158,  and  more  fully 
described  in  a subsequent  chapter. 

Secondary  batteries,  in  their  improved  forms,  make  capital  regulators.  They 
can  be  inserted  in  the  circuit,  and  will  absorb  electric  energy  at  one  time, 
and  yield  it  up  again  to  feed  the  lamp,  independently  of  the  generator,  at  another 
time.  Although  the  using  of  secondary  elements  involves  the  introduction 
of  a transformation  between  the  source  of  electricity  and  its  place  of  consumption, 
and  therefore  a loss  of  energy,  yet  they  have  the  advantage  over  induction  coils 
that  they  not  only  convert  energy,  but  also  store  it. 

' MODERN  DYNAMO  MACHINES. 

The  nine  or  ten  years  that  have  elapsed  since  the  production  of  the  most 
recent  of  the  machines  described  in  the  foregoing  pages,  have  been  years  of 
great  importance  in  the  practical  development  and  improvement  of  the  dynamo- 
electric  machine,  and  of  its  twin  brother,  the  electro-motor.  In  the  early  days 
of  the  dynamo,  although  it  was  perfectly  well  known  that  the  e.  m.  f.  generated 
depended  upon  the  number  of  lines  of  force  cut  per  second  by  the  wires  of  the 
armature,  and  that  therefore  it  was  desirable  to  make  the  field  in  which  the 
armature  revolved  as  strong  as  possible,  sufficient  attention  was  not  paid  to  the 
means  by  which  this  strong  field  could  be  most  readily  and  cheaply  procured. 
It  is  true  that  the  quantity  and  resistance  of  the  wire  wound  on  the  field-magnet 
limbs  was,  as  a rule,  carefully  calculated,  and  that  the  question  of  the  energy 
required  to  send  the  current  through  this  wire  to  energise  the  magnets  was 
taken  into  account.  But  the  importance  of  designing  and  constructing  the 
magnetic  circuit  through  the  field-magnets  and  the  armature  so  as  to  offer  the 
smallest  possible  “magnetic  reluctance  to  the  passage  of  magnetic  lines  round 
this  circuit  was  not  so  much  appreciated.  Each  maker  appeared  to  have  hjs 
own  idea  of  the  form  to  give  to  his  field-magnets,  but  there  was  no  general 

* This  term  “ magnetic  reluctance  " has  been  proposed  by  Mr.  O.  Heaviside  to  expi^s  the  ratio 
between  the  magneto-motive  and  the  total  flux  of  magnetic  induction  in  a circuit.  It  is  less  open 
to  objection  than  the  term  " magnetic  resistance." 
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consensus  of  opinion  as  to  the  scientific  principles,  apart  from  mere  details  of 
mechanical  expediency,  that  should  guide  the  designer  in  his  selection  of  a 
particular  pattern  for  them.  In  the  above  interval,  thanks  to  the  labours  of 
Hopkinson,  Kapp,  Bosanquet,  Thompson,  and  many  other  workers,  the  theory 
of  the  magnetic  circuit  and  its  practical  application  to  the  construction  of 
dynamo  machines  has  made  great  advances,  and  now  the  desirability  of  obtain- 
ing a low  reluctance  in  the  magnetic  circuit  of  the  machine  is  as  clearly  recog- 
nised as  that  of  obtaining  a low  resistance  in  the  electric  circuit.  Simultaneously 
with  the  above,  decided  improvements  have  been  made  in  several  other  direc- 
tions ; amongst  which  may  be  mentioned,  better  arrangements  for  transmitting 
the  driving  force  from  the  shaft  to  the  armature  wires,  and  the  securing  of  these 
latter  from  slipping ; better  lamination  of  the  armature  cores,  so  as  to  minimise 
the  loss  of  energy  by  heating,  due  to  Foucault  currents ; improvements  in  the 
automatic  governing  of  the  machine  for  constant  current  or  constant  potential 
under  varying  conditions  of  load improvements  in  the  ventilation  of  the 
armature  coils  ; and  many  minor  mechanical  improvements.  The  general  result 
is  that  a good  dynamo  of  1892  is,  as  compared  with  its  predecessor  of  1882,  a 
much  more  economical  machine  for  converting  mechanical  into  electric  energy ; 
that  it  runs  with  greater  smoothness,  and  with  an  almost  entire  absence  of 
sparking  at  the  brushes  ; and  last,  but  not  least,  that,  from  a mechanical  point 
of  view,  it  looks  more  like  a machine  adapted  to  the  requirements  of  the 
practical  mechanical  engineer. 

■ We  propose  now  to  describe  a few  of  the  typical  forms  which  are  constructed 
by  the  dynamo  builders  of  to-day ; and  in  doing  so  we  shall  refer  to  some  of 
the  lineal  descendants  of  a few  of  the  dynamos  described  in  the  preceding 
historical  section.  A complete  description  of  each  one  of  the  numerous  ex- 
cellent machines  now  available  is  neither  necessary  nor  desirable,  and  the 
differences  in  the  efficiencies  of  most  well-designed  and  well-built  dynamos  are 
at  present  so  slight  that  other  considerations  are  of  more  importance  to  purchasers. 
Following  the  plan  of  the  historical  section,  we  shall  treat  continuous  and 
alternate  current  dynamos  separately. 


MODERN  CONTINUOUS  CURRENT  DYNAMOS. 

The^  Victoria  Dynamo.— The  first  machine  that  we  select  for  the 

purpose  IS  the  Schuckert  dynamo,  as  improved  by  Mr.  Mordey,  and  now  known 

as  the  Schuckert-Mordey  dynamo,  or  more  commonly  as  the  Victoria  dynamo 

o the  Brush  Electrical  Engineering  Company.  An  illustration  of  one  of 

JulTZ  machine  will  be  found  at  Fig.  301  (Schuckert’s  Com- 

P ound  Machine),  and  it  will  not  be  uninstructive  for  the  student  to 

^ give,  illustrating  the  latest 

lype  01  machine. 

earlier  forms,  which  were  two-pole  machines,  the  two  field-magnet 

Ln.  Hrii  extensions,  embracing  the  ring  for  a 

ra  e fraction  of  the  whole  circumference.  By  using  the  method, 
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which  will  be  described  later  on,  of  examining  the  distribution  of  potentials 
round  the  commutator  with  a movable  brush,  Mr.  Mordey  discovered  that  there 
was  in  the  machine  a point  at  a considerable  distance  in  front  of  each  brush 
having  the  same  potential  as  the  brush,  and  that,  therefore,  the  whole  of  the 
armature  between  these  equi-potential  points  was  worse  than  useless,  as  it 
diminished  instead  of  increasing  the  available  external  potential  differences  of 


Fig.  309. — Victoria  (Schuckert-Mordey)  Dynamo  of  the  Brush  Electrical  Engineering  Co. 

the  brushes.  In  fact,  the  typical  bad  diagram  given  subsequently,  was  taken  from 
one  of  these  early  Schuckert  dynamos.  The  evil  was  to  a great  extent 
diminished  by  contracting  the  hollow  polar  extensions,  and  then,  since  the 
greater  portion  of  the  ring  was  now  at  a distance  from  the  poles,  two  more 
poles  were  added,  making  the  machine  into  a four-pole  dynamo,  the  poles  being, 
of  course,  alternately  north  and  south.  Every  armature  coil,  therefore,  during  a 
single  revolution,  twice  embraces  a maximum  number  of  positive  lines  of  force, 
and  thus  there  will  be  two  points  of  maximum  and  two  points  of  minimum 
potential  on  the  collector.  In  the  earlier  modifications  of  the  machine  there  were 
four  distinct  brushes  fixed  at  90°  angular  distance  from  one  another  round  the 
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commutator  at  the  above  four  points,  providing,  therefore,  either  two  separate 
circuits,  or,  by  being  joined  together  in  parallel,  throwing  the  whole  current  of 
the  machine  into  a single  circuit.  But  this  complication  of  brushes  is  mechani- 
cally bad,  as  it  not  only  increases  the  friction  on  the  commutator,  but  also 
renders  a more  elaborate,  and  therefore  more  expensive,  form  of  brush-holder 
necessary.  It  can  be  avoided,  in  a manner  the  student  will  be  easily  al  le  to 
think  out  for  himself,  by  cross  connections  inside  the  ring  armature,  diametrically 
opposite  points  being  connected.  Two  brushes  will  then  be  all  that  is  necessary, 
but  these  must  be  fixed  at  90°  and  not  180°  apart.  The  same  plan  can  be 
followed  when  six  or  eight  magnet  poles  are  employed. 

Simultaneously  the  whole  magnetic  circuit  of  the  machine  has  been  modified 
and  improved.  Experiment  shows  that  to  obtain  the  greatest  possible  flux  of 
lines  of  force  through  afi  electro-magnet  from  a given  number  of  magnetising 
ampere-turns,  the  path  provided  for  the  lines  of  force  should — 

(1)  consist  of  material  of  high  magnetic  permeability,,  such  as  good,  well- 

annealed  wrought-iron ; 

(2)  have  as  few  mechanical  joints  in  it  as  the  necessities  of  economical 

construction  will  allow  ; 

(3)  be  as  short  as  is  possible,  consistent  with  the  condition  of  economic- 

ally winding  the  magnetising  coils  ; 

(4)  have  a large  cross-section  perpendicular  to  the  direction  of  the  lines 

of  force  \ 

in  other  words,  the  magnetic  “reluctance”  of  the  circuit  should  be  reduced  as 
nearly  as  possible  to  a minimum.  A comparison  of  the  two  figures  mentioned 
above  will  show  how  these  conditions  are  better  fulfilled  in  the  field-magnqts 
of  the  dynamo  under  consideration  than  in  its  predecessor.  The  pole-pieces 
are  now  made  of  cast-iron  shrunk  upon  the  cylindrical  cores  of  soft  iron  which 
receive  the  coils,  and  the  whole  magnetic  circuit  is  in  Fig.  309  of  much  more 
ample  cross-section  than  that  shown  in  Fig.  301.  But  the  iron  core  of  the  arma- 
ture and  the  space  between  it  and  the  pole-pieces  is  as  important  a part  of  the 
magnetic  circuit  as  that  contained  within  the  body  of  the  field-magnets.  We 
have  not  space  to  describe  the  various  changes  made  in  the  armature  of  the 
Victoria  dynamo,-  and  can  therefore  only  briefly  indicate  its  present  construction. 
Its  core  is  now  made  of  almost  square  section,  and  is  built  up  of  charcoal 
iron  tape,  coiled  upon  a strong  foundation  ring,  with  paper  between  successive 
layers  to  prevent  contact  and  the  formation  of  eddy  currents.  The  foundation 
ring  and  some  of  the  inner  convolutions  of  tape  are  slotted  out  to  receive  the 
gun-metal  driving  arms,  of  which  there  are  two  sets  clamped  together,  one  on 
either  side.  Fig.  310  shows  some  of  the  details,  and  the  method  of  winding 
the  coils.  Square  wire  is  used,  and  as  the  coils  do  not  cover  the  entire  external 
surface  of  the  armature  core  there  is  ample  ventilation.  The  figure  also  shows 
now  the  pole-pieces  embrace  the  full  depth  of  the  'ring,  and  thus  considerably 
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reduce  the  gap  between  the  iron  of  the  pole-pieces  and  the  iron  of  the  armature. 
End  play  of  the  driving  shaft  is  prevented  by  a deeply  grooved  Babbitt-metal 
thrust-bearing  at  one  end. 

The  effect  of  the  various  improvements  is  well  summed  up  in  Fig.  31 1,  which 
gives  the  diagram  of  the  potentials  at  the  commutator.  The  potentid  rises 
steadily  from  the  negative  brush,  and  becomes  a maximum  at  the  positive  brush, 
which,  it  will  be  remembered,  is  at  a distance  of  only  90°  from  the  negative 
brush.  The  potential  again  diminishes  to  zero  at  180°,  and  rises  to  a second 
maximum  at  270  ; but  the  internal  cross-connections  render  brushes  at  these 


Fig.  310. — Victoria  Dynamo  (End  View  and  Transverse  Section). 

two  last  points  unnecessary.  A minute  comparison  of  this  diagram  with  the 
earlier  Schuckert  diagram  given  later  on  will  be  very  instructive  to  the  student. 

To  regulate  the  potential  difference  at  its  terminals,  and  to  keep  it  constant 
under  varying  conditions  of  load,  the  Victoria  dynamo  is  now  compound-wound, 
all  the  eight  magnet  cores  being  wound  with  thick  main  circuit  coils  inside,  and  fine 
shunt  coils  outside.  The  success  of  this  method  of  regulation  may  be  estimated 
from  the  following  figures  obtained  experimentally  from  a “ D-  ” machine  wound 
for  a potential  of  60  volts: — Open  circuit,  58  volts;  current  10  amphres,  58’5 
volts;  20  amperes,  59  volts;  60  amphres,  597  volts;  90  amperes,  59-9  volts;  :i 
120  amphres,  60  volts.  Although  the  potential  drops  a little  for  light  loads  this 
is  not  a disadvantage,  as  under  such  circumstances  the  engine  speed  usually  ■ 
slightly  increases.  With  a machine  supplying  101  glow  lamps,  100  of  these  may  ; 
be  suddenly  switched  off  without  the  remaining  lamp  giving  a detectable  quiver,  ■ 
and  without  any  flash  at  the  brushes.  The  sparking  at  the  latter  is  so  slight  that  ■. 
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it  is  impossible  to  tell  by  looking  at  them  whether  the  machine  is  running  with 
full  load  or  no  load.  The  machine  represented  in  Fig.  309  weighs  1,904  lbs., 
and  has  an  output  of  18,000  watts  at  1,000  revolutions  per  minute,  with  a 
guaranteed  commercial  {i.e.  “gross”)  efficiency  of  92  per  cent. 

The  Brush  Machine. — -The  later  improvements  in  this  machine  have 
been  in  the  direction  of  better  lamination  of  the  armature  core  for  the  purpose 
of  still  further  eliminating  the  eddy,  or  induction  currents,  which,  notwithstand- 
ing the  channelling  of  the  cast-iron,  were  still  found  to  be  very  pronounced  in 
the  armature  figured  on  page  265.  These  currents  led  to  the  generation  of  heat 


Fig.  31 1. -Diagram  of  Potentials  at  Collector  of  Victoria  Dynamo. 


Prn  u absorption  of  considerable  power.  In  the  more  modern 

thl  instead  of  being  cast  the  ring  is  built  up  of  thin  iron  ribbon 

of  its  const  **^t’  ^ 3^nnexed  figures  (312  to  314)  show  the  principles 

of  thinner  ir„  ,1!’  larger  number  of  pieces 

luirir,'  The  ribbon  is  wound  upon  a 

and  of  the  fb  " n"®  projecting  cross-pieces  of  the  same  thickness 

and  art  ! 7"  ■"  3'“*  (end  also  marked  H in  Figs,  j.a 

ventila,;^!,  "e  inserted  at  intervals,  to  separate  the  convolutions,  admit  of 

the  larger ’armnt  ™ 7'*“^  Projections  between  which  to  wind  the  coils.  In 
welI-  nsnlIteT,,dTK  end  these  are  secured  by 

newlamre/s  V % T''*  behaviour  of  the  old  and 

magnets  .excit'ed  by  thrstme^Tem’'’' ^ 

L*  ^ ^ current.  To  produce  an  e.  m.  f.  of  800  volts 
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the  old  armature  requires  to  be  run  at  a speed  of  900  revolutions  per  minute, 
whereas  the  new  armature  running  at  650  revolutions  gives  the  same  electrical 
pressure.  Or,  again,  if  both  armatures  are  run  at  a speed  of  800  revolutions, 
the  old  armature  gives  730  volts,  absorbs  17  hotse-power,  and  becomes  hot, 
whilst  the  new  armature  gives  1,020  volts,  absorbs  only  16  horse-power,  and 
remains  perfectly  cool.  In  fact,  the  eneigy  formerly  absorbed  in  heating  the 
iron  of  the  armature  is  now  transferred  to  the  external  circuit,  where  it  appears 
as  heat  (and  light)  in  the  arc  lamps. 

The  result  is  that  an  old  16-light  machine,  witli  an  armature  of  the  new 
type,  lights  25  lamps,  and  a machine  which,  with  the  old  armature,  only 
supplied  40  lamps,  will  now,  with  a new  armature,  supply  60  lamps  when 


Core  of  Bnish  Ring  (New  Pattern). 


running  at  the  same  speed  as  before.  It  can  also  be  safely  run  at  higher 
speeds. 

The  largest  Brush  machines  which  have  been  built  have  been  designed  for 
electro-metallurgical  purposes.  One  of  these  has  an  armature  42  inches  in 
diameter,  mounted  on  a shaft  13  feet  long  and  inches  in  diameter  in  the  main 
bearing,  and  driven  by  a belt  44  inches  wide.  The  total  weight  is  nearly 
10  tons,  the  weight  of  copper  on  the  magnets  being  5,424  lbs.,  and  that  on  the 
armature  825  lbs.  in  16  bobbins.  Running  at  4°5  revolutions  per  minute,  this 
enormous  machine  gives  3,200  ampeies  at  83  volts.  It  absorbs  about  400 
horse-power,  of  which  more  than  350  horse-power  reappears  in  a useful  electrical 


form.  . 

The  Edison-Hopkinson  Dynamo.— The , earlier  types  of  Ldison 

machine  illustrated  in  Figs.  267,  and  268  have  now  become  obsolete,  having 
been,  to  a great  extent,  displaced  in  this  country  by  their  lineal  descendant, 
the  Edison-Hopkinson  machine,  built  by  Messrs.  Mather  and  Platt,  whici  we 

illustrate  in  Fig.  315.  . 1 „ 

The  most  important  of  . the  improvements  made  by  Dr.  Hopkmson  relate 
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the  magnetic  circuit,  and  have  greatly  modified  the  external  appearance  of  the 
machine.  Instead  of  the  multiple  field-magnet  limbs,  each  wound  with  mag- 
netising coils,  which  join  the  pole-pieces  to  the  yoke  in  the  older  machines. 


Fir-  315-— The  Edison-Hopkinson  Dynamo  with  Bar  Armature. 


Pole-D!r(fe''arnn"^'*  connected  to  the 

the  froo  core,  of  ,T  “I  , ' cross-section  of 

in  the  1 !■  “ e ‘I’C  cross-section  of  the  iron 

■n  the  older  nruUtple  hntbs,  and  the  cores  are  also  shorter  in  length  l" 
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addition,  the  iron  j^oke  across  the  top  is  made  much  heavier.  The  result  of  these 
changes  is  that  the  same  dead  weight  of  iron  is  more  advantageously  arranged 
for  being  readily  magnetised,  because  the  magnetic  circuit  is  both  shortened  in 


Fig.  316. — Edison-Hopkinson  Dynamo  (Side  Elevation). 


length  and  has  its  cross-sectional  area  increased  throughout.  In  some  of 
the  machines  the  cross-section  of  the  magnet  cores  is  circular,  in  others  it  is 

oblong,  but  rounded  at  the  corners ; the  latter  form 
allows  relatively  longer  pole-pieces  and  armatures  to 
be  used.  It  is  shown  in  Figs.  316  and  317,  which 
represent  a sectional  elevation  of  the  field-magnets, 
and  a side  elevation  of  one  of  the  long  type  ma- 
chines. The  magnet  cores  and  pole-pieces  in  this 
machine  consist  of  a single  forging,  and  in  the.  still 
more  recent  machines  the  magnets  are  wound  with 
wire  of  square  section,  more  of  which  can  be  packed 
into  a given  space  than  is  possible  with  ordinary 
round  wire.  Besides  altering  the  field-magnets,  Dr. 
Hopkinson  has  modified  the  armature  of  the  machine, 
getting  more  iron  into  it,  thus  diminishing  the  mag- 
.netic  reluctance  in  this  part  of  the  magnetic  circuit. 

As  the  result  of  the  modifications  it  is  found 
S-  that  the  efficiency  of  the  machine  has  been  greatly 
Hopkinson  Dynamo.  increased ; a 60-light  machine  similar  to  that  ulus 

trated  in  Fig.  267  was  found  to  have  a commercial 
efficiency  of  587  per  cent.,  whereas  the  more  modern  machines  (of  a larger 
size,  however)  have  a commercial  efficiency  of  93  or  94  per  cent.  Also  the 
output  has  been  increased,  a new  2So-light  machine  only  weighing  about  as 
much,  and  occupving  the  same  floor  space,  as  the  old  150-light  machine. 
Again,  the  magnetic  field  in  which  the  armature  moves  is  so  strong,  and  tne 
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resistance  of  the  armature  so  low,  that  the  “lead”  to  be  given  to  the  brushes 
is  small,  and  the  machine  is  almost  self-regulating  without  any  compound 
winding  on  the  field-magnets. 

The  machine  illustrated  in  Figs.  316  and  317  gives  a current  of  320 
amphres  at  105  volts,  with  a speed  of  720  revolutions  per  minute.  The  arma- 
ture is  20  inches  long  and  10  inches  in  diameter,  and  is  wound  with  40  turns, 
each  consisting  of  16  strands  of  copper  wire  0-069  diameter,  and  having 

a resistance  from  brush  to  brush  of  0-009947  ohm.  The  magnet  limbs  are 
18  inches  long,. and  are  wound  with  3,260  turns  of  No.  13  (b.w.g.)  copper 
wire  having  a total  length  of  nearly  three  miles  (more  exactly  14,990  feet),  and  a 
resistance  of  16-93  ohms.  The  whole  machine  occupies  a space  3 ft.  by. 
5 ft.  5 in.  (exclusive  of  the  pulley),  and  is  4 ft.  high ; its  efficiency  has  been 
already  referred  to. 

The  machine  in  Fig.  315  is  designed  to  give  a current  of  1,000  amphres  at 
50  volts  with  a speed  of  only  440  reVolutions  per  minute.  It  occupies  a floor 
space  of  5 ft.  9 in.  by  4 ft.  5 in.,  and  stands_  6 ft.  high.  The  armature  is  built 
up  of  copper  bars  instead  of  stranded  wires,  and  has  a resistance  of  0-0024 
ohm,  there  being  3-8  ohms  wound  , on  the  field-magnets.  Hence  the  electrical 
efficiency  of  this  dynamo  with  full  load  is  94-2  per  cent.  The  figure  shows  very 
clearly  how  the  connections  of  the  bars  are  brought  spirally  round  to  the 
commutator  so  as  to  place  the  brushes  in  a convenient  position ; the  bars  slightly 
in  advance  of  the  top  and  bottom  of  the  armature  are  those  connected  with  the 
brushes  at  any  moment. 

The  development  of  the  Edison  two-pole  dynamos  in  the  United  States  has 
followed  very  much  the  same  lines  as  that  of  the  dynamo  just  described.  It  is 
not  therefore  necessary  to  recapitulate  the  reasons  for  the  various  changes  from 
the  form  depicted  in  Fig.  267  in  the  historical  section,  which  may  be  compared 
with  Fig.  318,  representing  the  most  recent  type  built  by  the  Edison  General 
Electric  Company  of  New  York.  The  particular  machine  illustrated  has  an  output 
of  100  kilowatts,  giving  at  its  terminals  715  amperes  at  140  volts  when  driven  at  a 
speed  of  650  revolutions  per  minute.  The  armature  is  drum  wound,  its  con- 
ductors being  connected  to  a 48  part  commutator  - the  connections  are  brought 
partly  round  so  as  to  place  the  brushes  in  a more  convenient  position  than  they 
would  be  if  each  commutator  bar  were  directly  opposite  the  section  to  which  it 
IS  connected.  The  magnets  are  compound  wound  for  glow-lamp  lighting,  the 
series  winding  being  adjusted  to  compensate  for  a given  loss  in  the  lines  by- 
means  of  an -adjustable  German  silver  shunt,  with  six  terminals  capable  of  being 
combined  in  parallel  or  series.  The  field-magnet  coils  being  placed  on  sub- 
stantial and  comparatively  short  cylindric  cores  connected  at  the  top  by  a heavy 
yo  e on  which  is  placed  the  double-pole  switch  for  closing  and  breaking  the 
circuit.  This  switch  is  of  a type  much  more  common  in  the  States  than  in  this 
country,  the  connection  being  made  by  a broad  flat  knife-like  strip  of  copper 
1C  , to  c ose  circuit,  is  pressed  home  between  two  pairs  of  springy'  copper  strips 
so  as  to  bridge  the  gap  between  them.  The  zinc  foot-step  inserted  between  the 
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pole-pieces  and  the  bed-plate  to  diminish  magnetic  leakage  can  be  clearly  seen 
in  the  figure. 

^'^'^^^^sting  feature  of  all  the  recent  Edison  generators  and  motors  are  the 
self-oihng  bearings,  one  of  which  is  shown  on  an  enlarged  scale  in  Fig.  319.  In  this 


Fig.  318. — Modtrn  Edison  Two-pole  Dynamo. 


figure  the  pedestal  is  represented  as  if  it  were  partly  transparent  so  as  to  exhibit 
the  method  by  which  the  oil  is  kept  in  circulation.  This  oil  is  contained  in  a 
hollow  space  below  the  shaft,  from  which  it  can  be  drawn  off  by  the  tap,  its  level 
being  indicated  in  the  gauge  glass.  Two  revolving  rings  fixed  to  the  shaft  dip 
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into  the  oil  and  carry  it  to  the  end  of  the  bearing,  one  half  of  which  is  shown 
dismounted  at  the  side.  From  these  ends  the  revolution  of  the  shaft  carries  it 
along  the  grooves  towards  the  central  outlet,  from  which  it  is  returned  to  the 
resen'oir.  With  the  self-oiling  arrangement  a bearing  can  be  run  for  four  months 
without  renewal  of  the  oil. 

In  turning  from  the  better-known  descendants  of  the  dynamos  illustrated  in 
the  previous  edition,  to  the  modern  dynamos,  of  which  no  mention  was  then 
made,  the  difficulty  is  to  select  machines  for  description  from  a great  number,  of 


Fig.  3I9- — Self-oiling  Bearing  on  Edison  Dynamo. 


which  the  majority  have  reached  a high  level  of  excellence.  In  selecting  two  or 
three  of  these  dynamos  as  typical,  it  must  be  clearly  understood  that  we  do  not 
thereby  tacitly  condemn  others  that  w'e  are  obliged  to  pass  over  in  silence,  the 
aim  of  our  selection  being  to  place  before  our  readers  examples  representative  of 
the  chief  types  of  magnetic  circuits  and  armatures  that  are  now  commonly  used. 

The  first  class  that  we  propose  to  notice  briefly  comprises  a type  of  dynamo 
that  has  become  very  popular  of  late  years.  Roughly  speaking,  it  may,  as  far 
as  the  field-magnets  are  concerned,  be  described  as  an  Edison-Hopkinson 
dynamo  turned  upside  down,  the  yoke  of  the  latter  becoming  the  bed-plate  of 
the  new  machine,  and  the  armature  being  raised  to  the  top  of  the  machine. 
'I  he  armature,  however,  may  be  either  of  the  ring  or  of  the  drum  type,  with  or 
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without  projecting  Pacinotti  teeth.  Magnetically  the  advantage  of  this  design 
IS  that  where  the  lines  of  force  leave  the  n pole-piece  to  pass  through  the  arma- 
ture to  the  s pole-piece  there  is  no  large  mass  of  iron  in  the  neighbourhood  to 
deflect  them  from  their  course  by  its  high  permeability.  Any  “ leakage  ” that 
may  occur  will  have  to  be  through  the  air,  which  is  magnetically  highly 
‘ reluctant  ’ ; this  leakage,  therefore,  can  only  be  very  small,  until  such  time  as 
the  iron  of  the  armature  gets  nearly  saturated.  On  the  other  hand,  in 
machines  built  like  the  Edison-Hopkinson,  there  must  necessarily  be  in  the 


Fig.  320. — The  “Phoenix”  Dynamo. 


neighbourhood  of  the  pole-pieces  the  large  iron  mass  of  the  bed-plate,  with  its 
tendency  to  cause  the  lines  of  force  to  run  from  one  pole-piece  to  the  other 
through  it  instead  of  through  the  armature.  Such  leaking  lines  are,  of  course, 
lost  to  the  machine  for  the  purpose  of  setting  up  e.m.f.  in  the  wires  of  the 
armature,  since  they  are  not  cut  by  those  wires,  and  therefore  the  energy  spent 
to  maintain  them  is  wasted.  The  difficulty  is  partly  met  by  interposing  a zinc 
base  between  the  pole-pieces  and  the  iron  bed-plate.  In  Fig.  317  this  base  is 
shown  in  section,  and  in  that  dynamo  it  separates  the  bottom  of  the  pole-piece 
from  the  top  of  the  iron  by  a distance  of  five  inches.  Mechanically  the  great 
disadvantage  is  that  the  bearings  have  to  be  elevated  with  the  armature,  and 
this  necessarily  increases  the  cost  of  construction ; but  as  the  builder  .aims  at 
making  his  magnet-limbs,  for  magnetic  reasons,  as  short  as  possible,  magnetic 
and  mechanical  considerations  both  combine  to  bring  down  these  elevated 
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bearings  to  a manageable  height.  It  would  scarcely  be  possible  to  turn  the 
Edison  machine  of  Fig.  267  upside  down,  but  the  same  difficulty  is  not 
experienced  with  the  more  compact  machines  of  the  present  day. 

The  “ Phoenix  ” Dynamo. — This  name  is  given  by  Messrs.  Paterson 
and  Cooper  to  the  various  types  of  dynamos  built  by  them,  some  with 
single,  others  with  double  magnets,  but  their  standard  machine  is  of  the  single- 
magnet type  that  we  have  just  been  referring  to.  It  is  illustrated  in  Figs.  320 
and  321  ; the  first  figure  shows  the  complete  machine  in  perspective,  and  the 
second  figure  gives  a section  through  what 
may  be  termed  the  iron  carcase  of  the  ma- 
chine with  the  armature  core  in  its  place. 

The  horse-shoe  magnet,  limbs,  and  thin 
connection  A (Fig.  321)  are  cast  in  one  piece 
as  shown,  and  are  bolted  to  the  thickened 
solid  bed-plate,  which  thus  forms  the  greater 
part  of  the  yoke  of  the  horse-shoe,  and  pro- 
vides ample  cross-section  of  iron  for  the 
magnetic  lines.  In  some  of  the  machines 
the  iron  of  the  magnet  consists  of  a solid 
wrought-iron  horse-shoe  forging,  machined 
all  over,  and  bored  out  for  the  armature. 

The  magnet  coils  are  wound  on  separate 
bobbins  of  sheet-iron  flanged  with  brass,  and 
are,  after  being  wound,  slipped  over  the 
tops  of  their  respective  limbs  into  place. 

The  armature  is  of  the  Gramme  ring  cylindric  type,  and  is  supported  by  cast- 
iron  brackets  bolted  to  the  bed-plate,  the  bearings  being  of  white  metal.  The 
machines  are  built  of  various  sizes  with  outputs  varying  from  600  to  50,000  watts. 

In  the  18,000-watt  compound  machine,  wound  for  a potential  difference  of 
105  volts  for  incandescent  lighting,  there  are  150  turns  of  '220  inch  diameter 
copper  wire  in  i layer  on  the  armature,  having  a resistance  of  '02  ohm  from 
brush  to  brush  ; the  segments  of  the  commutator  are  50  in  number.  Each  field- 
magnet  limb  is  wound  with  45  turns  of  double  '220  inch  wire,  the  two  limbs 
being  then  coupled  in  parallel  and  the  resistance  of  the  series  winding  being 
01  ohm.  The  shunt  winding  has  1,317  turns  of  '065  inch  wire  on  each  limb. 
Its  resistance  being  29'5  ohms. 

The  current  in  the  external  part  of  the  circuit  is  180  ampferes,  and  the  current 

going  through  the  shunt  is  — nearly  3-6  amperes.  This  gives  a total  current 

of  183-6  through  the  armature  and  series  coil,  causing  a fall  of  potential  of 
36x03  55  volts,  dhe  E.  M.  F.  of  the  machine  is  thus  110-5  volts,  and  the 

“electrical”  efficiency  15^3^6  x 1°  0-5  93  per  cent.  . The  length 

of  the  armature  core  is  1 1 inches,  its  thickness  2 inches,  and  its  external  diameter 


Fig.  321. — Section  through  Field' 
magnets  of  Phoenix  Dynamo. 
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13  inches,  which  at  the  normal  speed  of  1,020  revolutions  per  minute  gives  a ‘ 
peripheral  speed  of  about  3,470  feet  per  minute,  producing  about  i volt  in  the 
external  circuit  for  each  37  inches  of  wire  on  the  armature.  The  machine  covers 
a floor  space  of  3 ft.  3 in.  by  2 ft.  7 in.  (exclusive  of  the  driving  pulley),  stands 
2 ft.  9 in.  high,  and  is  said  to  have  a “ commercial  efficiency  ” of  90 
per  cent. 

The  largest  “ Phoenix  ” dynamo  hitherto  built  of  this  type  has  an  output  of 

1,200  amperes  at  50  volts,  when  running  at  600  revolutions  per  minute. 

Machines  of  the  above  type  are  now  built  by  Messrs.  Siemens  Brothers,  thus 
apparently  demonstrating  that  in  the  opinion  of  these  well-known  builders  it  is, 
at  least  in  certain  circumstances,  superior  to  their  better-known  older  type 

illustrated  in  Fig.  265.  Other 

machines  of  this  type  are  the 

“ Gramme  ” {type  superieur), 

“ Kapp,”  and  “ Goolden’s.” 
The  “ Manchester” 
Dynamo. — The  next  type 
of  machine  we  propose  to 
illustrate  is  that  in  which  there 
is  a double  magnetic  circuit. 
These  machines  are  magneti- 
cally the  descendants  of  the 
old  “Gramme”  machine  illus- 
trated in  Fig.  246,  but  in  most 
cases  the  armature  shaft  is 
turned  round  in  a horizontal  plane,  so  as  to  pass  through  the  machine  from 
iront  to  back,  as  shown  in  P’ig.  322,  which  is  a part  front  elevation  of  the 
“ Manchester  ” dynamo.  In  this  dynamo  the  exciting  coils  of  the  field-magnets 
are  placed  on  what  was  the  yoke  in  the  old  “ Gramme,”  with  the  result  that 
much  greater  compactness  and  solidity  are  given  to  the  magnetic  circuit.  The 
coils  are  not,  however,  always  placed  in  this  position,  for  in  many  dynamos  they 
are  still  placed  on  the  limbs  as  in  the  original  Gramme,  but  a much  greater 
cross-section  is  given  to  the  cores,  and  the  yokes  are  much  more  substantial. 
In  Messrs.  Mather  and  Platt’s  “ Manchester  ” dynamo,  illustrated  in  perspective 
in  Fig.  323,  the  armature  is  of  the  Gramme  type,  and  is  of  low  resistance 
and  carefully  ventilated  ; it  was  designed  by  Dr.  John  Hopkinson  and  Dr. 
Edward  Hopkinson.  The  cylindric  cores  of  the  field-magnets  are  of  wrought-iron, 
and  the  yokes,  which  are  very  massive,  are  of  cast  iron;  there  is  ample  cross-section 
in  all  parts  of  the  magnetic  circuit,  the  magnetic  reluctance  of  which,  when  not 
fully  saturated,  is  consequently  low.  The  commutator  is  built  up  of  substantial 
copper  bars,  40  in  number,  which  are  insulated  from  one  another  with  mica, 
and  as  there  is  no  visible  sparking  at  the  brushes,  even  when  the  machine  is 
running  with  a full  load,  it  is  claimed  that  the  commutator  will  last  for  years 
without  renewal.  One  advantage  of  this  type  of  machine  over  that  last  described 


Modern  Continuous  Current  Dynamos. 


339 


is  that  the  centre  of  gravity  of  the  moving  parts  is  low.  The  sizes  built  vary 
in  output  from  600  watts  to  45,000  watts,  with  speeds  varying  from  320  to 
1,250  revolutions  per  minute;  they  are  wound  either  for  incandescent  or  for 


^'8-  3^3  is  30  inches  high, 

and  covers  a floor  space  of  5 feet  by  4 feet  8 inches. 

with  do°uMf  another  instance  of  dynatnos 

Messra  81ustra^^  ,n  Fig.  324  the  “Trade”  dynamo  of 

'Vith  the  PhT’’  I ia  similar  to  tite  machines  tve  classed 

were  , addition  of  a second  magnet  turned,  as 

rsSar  mthe  r"'  "y  T ‘“P  “f regarded 

>pe  of  machines  last  described  turned  up  on  end,  but  with  the 
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exciting  coils  of  the  field-magnets  in  a totally  different  position  relatively  to  the  ' 
armature,  the  change  of  position  necessitating  the  use  of  fouc. coils  (as  in  the  old 


Fig.  324. — Crompton’s  “Trade”  Dynamo. 


Gramme,  Fig.  246)  instead  of  two.  In  this  particular  machine  the  magnets, 
cores,  etc.,  are  throughout  of  best  annealed  wrought-iron,  and  the  armature  core 
is  made  up  of  laminated  iron  discs  insulated  from  each  other  by  a special 
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varnish,  the  whole  being  carefully  dried  in  an  oven  at  a high  uniform  tem- 
perature The  armature  itself  is  of  the  Gramme  type,  the  wires  being  kept  in 
their  places  and  prevented  from  slipping  by  teeth 
projecting  from  the  circumference  of  the  armature 
core.  The  armature  shaft  is  of  steel,  and  an 
aluminium  bronze  spider  is  keyed  to  it,  the  arms 
of  which  fit  into  dovetail  notches  in  the  inner 
circumference  of  the  core  discs.  It  will  be  noticed 
that  the  commutator  of  this  machine  is  also  very 
massive,  and  should  therefore,  as  the  machine  is 
“non-sparking,”  run  for  years  without  renewal. 

A very  compact  and  convenient  form  of  rnag- 
netic  circuit,  especially  for  machines  of  moderate 
dimensions,  is  shown  in  Fig.  325.  This  pattern  of 
dynamo  machine  was  independently  designed  by 

Dr.  S.  P.  Thompson  and  more  than  one  firm  of  dynamo  builders  in  1886.  From 
the  shape  of  the  magnetic  circuit  it  is  sometimes  referred  to  as  the  C-type  of 


Fig.  325. — C-type  of  Magnetic 
Circuit. 


Fig.  326. — The  Leeds  Dynamo. 

dynamo  machine.  The  ample  cross  section  of  the  iron  in  all  parts  of  the 
circuit  is  obvious,  and  the  different  parts  of  the  field-magnet  are  of  a shape 
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easily  manufactured.  Moreover,  there  is  only  one  magnetising  coil,  which  can  1 
readily  be  wound  and  slipped  into  its  place. 

In  Fig.  326  an  actual  machine  of  this  type  is  represented.  This  ]iarticular  ■ 
dynamo  is  built  by  Messrs.  Greenwood  and  Batley,  of  Leeds,  and  called  by  them 
the  “ Leeds  ” dynamo.  The  upper  and  lower  polar  limbs  are  of  annealed  cast-iron, 


Big.  327-  — The  Lahmeyer  Iron-Clad  Dynamo. 


and  it  will  be  noticed  that  the  lower  one  is  cast  in  one  piece  with  the  bed-j 
plate,  part  of  which  is  thus  introduced  into  the  magnetic  circuit ; the  core  upon 
which  the  magnetising  coil  is  slipped  is  of  soft  wrought-iron  of  high  permeabilityJ 
The  armature  is  of  the  Gramme  or  ring  type,  and  in  the  larger  machines 
consists  of  a single  layer  of  copper  strip.  In  a 35  kilowatt  machine  which 
gives  70  ampbres  at  500  volts  with  a speed  of  800  revolutions  per  minute,  the 
outside  diameter  of  the  armature  is  18 '5  inches,  and  its  length  14  inches,  and' 
there  are  80  bars  on  the  commutator.  Some  of  these  machines  are  used  in  the 
Cadogan  Lighting  Station  at  Chelsea.  As  already  mentioned,  other  manufacJ 
turers  build  machines  of  this  type.  | 
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Iron-Clad  Dynamos.  — Another  type  of  dynamos  which  has  been 
developed  by  more  than  one  good  firm  of  builders  is  known  as  the  iron-clad 
type,  from  the  fact  that  the  magnetising  coils  of  the  field-magnets  are  almost 
hidden  from  view  by  other  parts  of  the  magnetic  circuit.  1 his  circuit  is  shown 
diagrammatically  in  Fig.  328.  It  will  be  noticed  that  it  is  a double  magnetic 
circuit,  but  that  the  poles  are  “ salient,”  and  not  “ consequent  ” poles,  each 
magnetising  coil  embracing  all  the  lines 
of  force  of  the  circuit.  The  path  of 
one  of  these  lines  of  force  in  each  of 
the  two  halves  of  the  circuit  is  shown 
by  the  two  continuous  dotted  lines  in 
the  figure. 

A machine  of  this  type  exhibited 
by  Messrs.  Garbe,  Lahmeyer  and  C0.5 
of  Aachen,  at  the  Frankfort  Exhibition 
of  1891,  is  shown  in  Fig.  327.  It  is  a 
1 7 "5  kilowatt  machine  giving  270  am- 
peres at  65  volts  when  running  ' at 
1,000  revolutions  per  minute.  The 

frame  and  magnets  of  the  machine  are  pig.  ■328.-Maonetic  Circuits  of  Irorr-Clad 
cast  in  one  piece,  and  the  magnetic  Dynamos, 

circuit,  though  of  cast-iron,  is  therefore  . 

free  from  joints.  The  magnetising  coils  of  the  field-magnets  can  be  slipped  into 
their  places  before  the  armature  is  inti  oduced.  The  armature  is  a drum  arma- 
ture, and  the  iron  of  the  core  projects  in  Pacinotti  teeth  which  form  grooves 
•not  quite  parallel  to  the  shaft  in  which  the  copper  conductors  lie.  These 
projecting  teeth  are  not  shown  in  Fig.  327,  in  which  the  copper  wires  appear  to 
cover  the  whole  surface  of  the  drum. 


Wheel  Dynamos. — A kind  of  continuous  current  dynamo  rriachine, 
entirely  different  from  those  which  we  have  hitherto  been  describing,  has  been 
developed  on  the  Continent  during  the  last  five  years,  and  has  been  very 
favourably  received.  The  principle  is  not  new,  and  many  inventors  since  the 
days  of  Faraday  have  designed  dynamos  on  this  plan.  In  fact,  the  “new 
electrical  machine”  described  by  Faraday  himself  in  one  of  his  early  Researches* 
is  of  this  type.  Figs.  329  and  330,  copied  from  Faraday’s  paper  on  the  subject, 
illustrate  the  mode  of  action.  A copper  disc  c,  twelve  inches  in  diameter  and 
one-fifth  of  an  inch  thick,  was  mounted  on  a brass  axle  so  that  it  could  be  easih" 


rotated,  and  its  edge  was  introduced  between  the  poles  N s of  an  electro-magnet 
E.  1 wo  bars  n and  s were  attached  to  the  poles  to  concentrate  the  magnetic 
field  in  the  narrow  gap  within  which  the  edge  of  the  disc  was  introduced. 
Collecting  brushes  and  bn  (Fig.  329)  rubbed  against  the  edge  of  the  disc  and 
the  axle,  both  of  which  were  well  amalgamated  for  the  purpose  of  making  the 


* " Experimental  Researches,"  i.  25,  art.  85. 
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contact  good  ; these  brushes  were  connected  to  the  terminals  of  a galvanometer. 
On  rotating  the  disc  the  galvanometer  needle  was  deflected,  showing  the  existence 
of  a continuous  current  always  in  the  same  direction  as  long  as  the  direction 
of  rotation  of  the  disc  remained  the  same,  but  rising  or  falling  with  any  alteration 
of  the  speed  of  rotation. 

We  have  here  then  a simple  dynamo  machine  so  constructed  that  no  com- 
mutator is  required,  for  there  are  no  reversals  of  current  in  the  rotating 
armature  c.  The  principle  made  use  of  is  that  employed  in  all  dynamo 
machines,  namely,  that  whenever  an  electric  conductor  cuts  lines  of  magnetic 
force,  an  electric  pressure  or  e.  m.  f.  is  set  up  in  it  which  will  give  rise  to 
electric  currents  if  a closed  circuit  be  provided.  In  the  above  case  each  radial 


sector  of  the  wheel  c,  as  it  comes  between  the  poles,  may  be  regarded  as  such  a 
conductor  cutting  lines  of  force.  There  is  therefore  an  e.  m.  f.  set  up  in  each 
sector  as  it  passes  under  the  brush  and  this  e.  m.  f.  being  always  in  the  same 
direction,  and  the  sector  at  the  instant  being  part  of  the  galvanometer  circuit, 
currents  flow  in  the  latter.  By  putting  another  pair  of  poles  for  the  opposite 
edge  of  the  disc  to  rotate  between,  it  is  obvious  that  we  can  do  away  with  the 
brush  rubbing  on  the  axis  and  draw  off  the  current  by  two  brushes  at  opposite 
ends  of  a diameter.  In  this  case  the  direction  of  the  induction  must  be  such  as 
to  cause  the  currents  in  both  active  sectors  to  flow  either  both  upwards  or  both 
downwards  ; and  the  induced  e.  m.  f.  is,  of  course,  oppositely  directed  as  regards 
the  material  of  the  conductor  in  the  two  positions. 

In  the  historical  section  on  dynamo  machines  we  have  already  described 
(pages  308  to  312)  machines  in  which  conductors  are  arranged  always  to  cut  the 
lines  of  force  in  the  same  way,  and  in  which,  therefore,  the  e.  m.  f.  of  induction 
is  never  reversed.  Of  these  Edison’s  disc  dynamo  (Figs.  298  and  299)  most 
nearly  approaches  Faraday’s  original  arrangement.  One  fundamental  change, ' 
however,  is  necessary.  An  inspection  of  Fig.  329  will  show  that,  supposing  an 


Figs.  329  and  330. — Faraday’s  Simple  Disc  Dynamo. 
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E.  M.  F.  set  up  in  the  sector  passing  the  poles,  this  e.  m.  f.  has  not  only  the 
galvanometer  circuit  available  through  which  to  drive  a current,  but  also  a great 
number  of  closed  circuits  within  the  copper  of  the  disc.  As  a matter  of  fact 
much  of  the  current  energy  generated'  will  be  wasted  in  the  copper  of  the  disc. 
Therefore  in  all  attempts  to  apply  this  method  of  generating  electric  currents  the 
solid  disc  is  split  up  into  a series  of  spokes,  and  proper  insulation  is  inserted  and 
connections  made  so  that  the  currents  shall  only  flow  in  the  desired  paths.  The 
reader  should  notice  the  various  devices  employed  for  these  purposes  in  the 
machine  which  we  shall  now  describe. 

Fritsche’s  Wheel  Dynamo. — In  this  machine  the  disc,  instead  of 


331- — Armature  of  Wheel  Dynamo. 


revolving  between  one  pair  of  poles  as  in  Faraday’s  original  model  (Fig.  330), 
revolves  between  eight  pairs  arranged  at  equal  distances  round  it.  The  external 
appearance  of  the  machine  gives  very  little  indication  of  the  details.  The 
outer  frame  consists  of  cast-iron,  to  which  there  are  screwed  on  either  side  two 
flat  wrought-iron  annular  plates  which  carry  the  magnet  cores  and  serve  as  the 
yokes  of  the  field-magnets.  The  poles  on  each  side  are  alternately  n and  s, 
but  a N pole  on  one  side  of  the  wheel  is  opposite  to  a s pole  on  the  other 
single  spoke  of  the  wheel,  therefore,  sweeps  across  magnetic  fields 
which  are  alternately  in  opposite  directions. 

The  armature  with  the  field-magnets  removed  is  shown  in  Fig.  331.  It  is 
54  inches  in  diameter,  and  the  conductors,  instead  of  being  directed  along  the 
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radii  of  the  wheel,  are  inclined  to  them  at  an  angle.  The  figure  only  shows  one 
side  of  the  armature,  on  which  all  the  conductors  are  set  in  the  same  direction 
relatively  tb  the  radii ; on  the  other  side  thete  is  another  series  of  conductors  set 
at  the  same  angle  in  the  opposite  direction,  so  that  the  conductors  in  the  two 
series  cross  one  another.  The  arrangement  is  depicted  diagrammatically  in  Fig. 
332,  where,  for  clearness,  only  one-seventh  of  the  total  number  of  conductors  has 
been  drawn.  These  conducting  spokes,  of  which  there  are  402,  consist  of  iron 


Fig.  332. — Conductors  and  Magnet  Poles  of  Wheel  Dynamo. 


bars,  2 "1 5 inches  wide  by  o‘2  inch  thick;  at  their  outer  ends  the  spokes 
opposite  one  another  are  connected  by  thick  bare  copper  strips  insulated  from 
each  other,  which,  being  clamped  together  by  insulated  rings  on  either  side,  form 
both  the  tyre  of  the  wheel  and  the  bars  of  a 201  part  collector.  At  their  inner 
ends  the  spokes  are  held  by  a hub  and  are  similarly  connected. 

The  shape  of  the  pole-pieces  is  also  shown  diagrammatically  in  Fig.  332,  and  is 
adapted  to  the  angular  rake  of  the  spokes.  In  the  figure  33  spokes  are  shown 
on  each  side  of  the  wheel,  and  as  there  are  8 poles  it  follows  that  no  two  spokes 
on  one  side  are  at  any  instant  in  exactly  the  same  position  relatively  to  a pole- 
piece.  Also  starting  from  any  bar  of  the  tyre  there  will  be  found  to  be  two  com- 
plete circuits  in  parallel  with  one  another,  containing  all  the  conductors,  and 
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finally  ending  at  another  bar  four  places  removed  from  the  starting  bar.  The 
arrow-heads  on  the  spokes  are  intended  to  indicate  the  directions  of  the  induced 
E.  M.  F.’s , and  the  collecting  brushes  being  placed  in  the  positions  shown,  all 
these  E.  M.  F.’s  will  be  found  to  be  in  the  same  direction  in  the  two  circuits 
between  these  positions.  The  position  of  the  brushes  can  be  adjusted  by  means 
of  a hand-wheel  at  the  side  of  the  dynamo.  The  employment  of  iron  for  the 


Fig-  333- — The  Thomson-Houston  Dynamo. 


conducting  bars  should  be  noted.  Its  use  diminishes  the  magnetic  reluctance 
of  the  space  between  the  magnet  poles,  but  the  electrical  resistance  is  about 
SIX  times  what  it  would  be  if  copper  bars  of  the  same  size  were  used.  The 
Idea  probably  is,  that  a certain  amount  of  mechanical  stiffness  being  necessary, 
a arge  quantity  of  material  of  low  conductivity  would  be,  on  the  whole,  as  good 
as  a smaller  quantity  of  a better  conductor. 

^ The  machine  illustrated  gives  a current  of  425  amperes  at  a pressure  of  115 
VO  s w en  running  at  a speed  of  140  revolutions  per  minute.  It  may,  therefore, 
be  classed  as  a low-speed  dynamo. 

We  shall  conclude  this  part  of  our  note  on  continuous  current  dynamos  by 
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describing  a machine  which  is  unique  in  every  way,  and  which  has  been  remark-' 
ably  successful  in  practical  use.  We  refer  to 

- The  Thomson-Houston  Dynamo.— The  success  of  these  machines  is  ^ 

attested  by  the  fact  that  at  the  beginning  of  the  year  1892  it  was  estimated: 
that  120,000  arc-lamps  w'ere  being  supplied  with  current  by  them.  But  apart  i 
from  this,  the  machine  itself  is  sufficiently  remarkable  to  entitle  it  to  a full 
description.  It  is  shown  in  perspective  in  Fig.  333.  The  cores  of  the  field- 
magnets  consist  of  two  hollow  cylinders,  each  somewhat  less  in  length  than ; 
one-half  the  length  of  the  machine,  which  carry  at  their  inner  ends,  at  the  centre  ■ 
of  the  machine  and  facing  one  another,  two  hollow  cups  which  are  accurately 
bored  out  to  receive  the  spheroidal  armature.  On  these  cylinders  are  wound  i 
the  exciting  coils  which  can  be  seen  between  the  bars  extending  nearly  the  ■ 
whole  length  of  the  machine,  except  for  a short  distance  in  the  middle.  The  • 
bars  which  are  so  conspicuous  in  the  figure  form  the  yoke  of  this  unique  ■ 
magnetic  circuit. 

The  armature  is  not  less  remarkable.  It  is  shown  detached  from  the 
machine  in  Fig.  334,  and  is  represented  diagrammatically  with  its  commutator 
in  Fig.  335.  It  is  spheroidal  in  shape,  and  consists  of  three  coils  only,  each 
covering  an  angular  distance  of  about  120°  of  the  periphery;  they  are  held  in 
their  places  by  the  binding  wires  S S S'  One  end  of  each  coil  is  connected 
to  a segment  of  the  commutator  as  shown  in  Fig.  335>  and  the  other  ends  are 
all  connected  together  at  h,  and  to  no  other  conductor.  The  separate  turns  of 
the  coils  are  so  wound  on  the  core  that  the  mean  distance  of  the  wire  from  the 
axis  is  about  the  same  for  all  the  coils.  Fig.  335  shows,  for  clearness,  only  a 
turn  and  a half  of  each  coil.  The  path  through  the  armature  from  one  com- 
mutator segment  to  another  always  passes  through  two  coils  in  series,  whereas, 
if  two  of  the  commutator  segments  be  joined  together,  the  corresponding 
coils  will  be  placed  in  parallel,  and  the  path  through  the  armature  to  the 
third  segment  will  pass  through  these  two  parallel  coils,  and  then  through  the 
third  coil  in  series  with  them.  It  is,  therefore,  possible  by  suitable  brushes  to 
put  two  coils  in  series  and  cut  out  the  third,  and  at  another  part  of  the  revolu- 
tion to  have  two  coils  in  parallel  with  one  another  and  in  series  with  the  third. 
To  accomplish  this  double  brushes  are  used,  one  brush  of  each  pair  being  set 
behind  the  other  as  shown  in  Fig.  336.  These  are  so  placed  relatively  to  the 
field-magnets  that  in  the  normal  working  of  the  machine  one  coil  is  cut  out 
as  it  passes  the  position  in  which  there  is  no  electromotive  force  induced  in  it, 
and  when  all  three  are  in  circuit  the  series  one  is  in  the  position  of  maximum 
induction,  and  the  two  coils  in  parallel  with  it  are  the  one  approaching,  and 
the  other  receding  from,  the  position  of  maximum  induction  on  the  opposite 
side. 

The  regulator,  by  which  the  output  of  the  machine  is  varied  according  to 
the  number  of  lamps  in  circuit,  is  shown  in  position  on  the  left  of  Fig.  333- 
It  will  be  noticed  that  the  brushes  are  fixed  to  levers,  which  are  connected 
by  a bent  lever  to  the  armature  of  the  electro-magnet.  The  connections  are 
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such  that  the  following  brushes  of  each  pair  can  be  made  to  recede  from  or  to 
approach  the  leading  brushes,  and  thus  the  time  during  which  the  idle  coil  is 
cut  out  can  be  caused  to  vary.  To  diminish  sparking,  the  leading  brushes  can 
also  be  caused  to  vary  in  position. 

The  arrangements  for  throwing  the 
electro-magnet  into  action  are  shown 
in  fig-. 337.  The  main  current 
of  the  machine  is  led  through  the 
two  solenoids  c c,  which  are  placed 
in  any  convenient  part  of  the  cir- 
cuit. When  the  current  is  at  its 
normal  strength  of  9 '6  amperes, 
these  solenoids  cannot  attract  the 
armature  o ; and  the  contact  at  o 
remains  closed,  thus  short-circuiting 
the  regulating  electro-magnet  r.  If, 
however,  the  current  increases  the 
armature  o is  attracted;  the  short- 
circuiting  contact  at  o is  opened, 
and  the  electro-magnet  r is  ener- 
gised, and  attracts  its  armature  a. 

This  moves  the  bent  lever,  and  adjusts  the  brushes  so  as  to  diminish  the  current. 
A carbon  shunt  of  high  resistance  is  placed  at  t to  diminish  the  destructive 

spark  when  the  circuit  is  opened 
at  o.  The  sparking  at  the  com- 
mutator, as  the  brushes  slide 
from  one  segment  to  another, 
is  very  great,  and  to  diminish  its 
evil  effects  a strong  blast  of  air 
is  blown  from  nozzles  (seen  in 
Fig-  336)  directly  in  front  of  the 
brushes,  so  as  to  literally  blow 
out  the  sparks.  The  blast  is 
produced  by  an  ingenious  little 
blower  fixed  immediately  behind 
the  commutator. 

. We  have  already  mentioned 

'g- 335-— Diagram  of  the  Thomson-Houston  Armature,  that  the  normal  current  is  9-6 

ampbres,  the  variations  of  output 
eing  produced,  as  is  usual  in  arc-light  machines,  by  alterations  of  electromotive 
orce.  Thus  the  63-light  machine,  when  fully  loaded,  has  an  electromotive  force 
0 3,000  volts.  In  the  ordinary  34-light  machine  the  internal  resistance  is  10-5 
0 ms  in  the  armature,  and  10 '5  ohms  in  the  field-magnets.  The  armature  is  23-J- 
me  es  in  external  diameter,  and  the  normal  speed  is  S50  revolutions  per  minute. 


35° 


Electricity  in  the  Service  oi  Man. 


Central  Station  Dynamos. — The'  steady  extension  of  stations  for  the 
supply  of  electric  current  to  the  general  public  has  led  to  the  development  of 
various  types  of  dynamos  specially  adapted  for  the  work.  As  a rule  each  of 
these  machines  is  sufficiently  large  to  absorb  all  the  power  of  a good-sized  engine 

instead  of  several  being  driven  from 
one  countershaft  as  in  the  early  days 
of  electric  lighting ; and  frequently  the 
shaft  of  the  dynamo  is  directly  coupled 
to  the  main  driving  shaft  of  the  engine, 
though  sometimes  belts  or  ropes  are 
employed.  The  use  of  the  latter,  how- 
ever, requires  much  more  floor  space, 
a very  important  point  in  a station 
planted  in  the  centre  of  a large  city 
where  ground  is  valuable.  Various 
matters  of  interest  in  connection  with 
Central  Stations,  as  they  are  called,  will 

Fig.  336. — Thomson-Houston  Commutator  with  be  dealt  with  later,  but  it  will  be  con- 

Brushes  and  Blast  Nozzles.  t u . i -u  r .1 

venient  here  to  describe  some  of  the 

types  of  continuous  current  dynamo 

machines  which  have  been  specially  designed  and  constructed  to  satisfy  the 

varied  requirements  of  large  generating  stations. 

Two-pole  Machines. — The  simplicity  of  construction  and  other  advantages  of 
the  two-pole  type  of  dynamo  so  fully  described  in  the  preceding  pages  has 
led  to  it  being  further  developed  and 
modified  for  central  station  work.  To 
allow  of  it  being  coupled  directly  to 
the  shaft  of  a high-speed  engine  the 
armature  must  be  capable  of  generating 
the  requisite  e.m.f.  with  a speed  not 
exceeding  about  350  revolutions  per 
minute ; and.  therefore  in  these  com- 
paratively slow-speed  dynamos  the 
araiature  is  relatively  larger  than  in 
the  machines  previously  described. 

Several  first-class  firms,  however,  have 
produced  machines  which  amply  fulfil 
all  the  conditions  and  do  their  work 
admirably.  'I'he  particular  one  we 
shall  describe  is  manufactured  by  the 
well-known  firm  of  Messrs.  Siemens 
Brothers  and  Co. 


Fig.  337. — Regulation  of  the  Thomson-Houston 
Dynamo. 


same 


Fig.  338  shows  the  dynamo  with  its  driving-engine  both  mounted  on  the 
bed-plate,  and  with  the  shaft  of  the  dynamo  coupled  to  the  shaft  of  the 


^ 'g-  338-— Siemens’  Three-thousand-light  Central  Station  Dynamo  Coupled  to  Willans’  Engine. 
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engine.  The  engine  is  a single-acting  compound  Willans  engine  with  three 
cranks  on  the  shaft  driven  by  six  cylinders,  three  high-pressure  and  three  low- 
pressure.  It  IS  designed  to  develop  300  mechanical  horsepower  in  the 
cylinders  at  a speed  of  350  revolutions  per  minute.  The  dynamo  is  an  inverted 
or  under-type  two-pole  machine,  capable  at  the  same  speed  of  delivering  180 
kilowatts  or  240  electrical  horse-power  from  its  terminals,  the  current  being 
1,500  amperes  and  the  pressure  120  volts.  Thus  it  would  light  about  3,000 
ordinary  16  candle-power  lamps,  taking  about  60  watts  each.  The  tendency  of 
all  these  inverted  two-pole  machines  to  magnetic  leakage  through  the  bed-plate 
IS  reduced  to  a minimum  by  the  device  of  supporting  the  magnets  by  solid  gun- 
metal  brackets  at  the  side,  these  latter  being  bolted  to  the  outer  frame  of  the 


Fig-  339- — Magnetic  Circuit  of  Three-thousand-light  Machine, 


bed-plate,  the  iron  of  which  is  cut  away  beneath  the  poles  of  the  machine. 
This  will  perhaps  be  better  understood  by  a reference  to  Fig.  339,  which  shows 
diagram matically  the  field-magnet  and  the  armature,  with  the  supporting  brackets 
A A bolted  to  the  bed-plate  b b.  The  iron  bed-plate  is  thus  removed  to  a 
distance  from  the  magnetic  circuit  of  the  machine,  and  especially  from  the 
gap  h h between  the  horns  of  the  pole-pieces. 

The  magnet  limbs  and  yoke  consist  of  solid  forgings  of  wrought-iron,  the 
former  being  so  shaped  (Fig.  339)  that  each  complete  magnet  bobbin  can  be 
slipped  into  its  place  or  removed  with  little  trouble.  The  solid  terminal  blocks 
are  mounted  on  the  top  cheeks  of  each  bobbin,  and  are  connected  to  the 
respective  brushes  and  to  the  distributing  mains  by  flexible  stranded  conductors. 
The  armature  is  24  inches  in  diameter  and  36  inches  long,  and  is  carried  by  a 
6-inch  steel  spindle ; it  is  wound  with  two  separate  circuits,  each  of  36  con- 
volutions, put-  in  parallel  by  the  brushes.  The  commutator  is  12J  inches  in 
diameter,  and  consists  of  72  sections  with  mica  insulation;  there  are  three 
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brushes  on  each  side,  so  that  at  full  load  each  brush  carries  500  ampbres.  The 
combined  efficiency  of  the  engine  and  dynamo  together  was  found  to  be  as 
high  as  84  per  cent.,  that  is,  for  every  100  mechanical  horse-power  developed  in 
the  engine  cylinders,  84  electrical  horse-power  was  delivered  at  the  terminals  of 
the  dynamo. 

Multipolar  Dynamos. — Several  reasons — mechanical,  electrical,  and  mag- 
netic— have  induced  builders  of  large  continuous  current  dynamos  to  develop  a 
class  of  machines  in  which  the  field-magnets  have  more  than  two  poles.  The  obvious 
mechanical  and  other  advantages  of  coupling  the  dynamo  directly  to  the  shaft  of 
the  engine  points  to  the  necessity  of  designing  a dynamo  that  will  generate  the 
necessary  electromotive  force  at  a much  lower  speed  than  was  at  first  thought  to 


Fig.  340.— Magnetic  Circuits  of  a 4-poIe  Dynamo. 


be  possible.  For  the  slowest-running  dynamo  of  early  days,  with  its  speed  of  700 
or  800  revolutions  per  minute,  could  not  possibly  be  so  coupled  to  the  quickest 
speed  reciprocating  steam-engine.  Engine-builders,  on  their  side,  have  endea- 
voure  to  meet  the  difficulty  by  designing  high  speed  engines  ; but  their  limits  lie 
lower  than  the  speed  just  mentioned,  and  had  not  electricians  reduced  their 
demands  in  this  respect,  direct  coupling  would  have  remained  impossible  for 
continuous  current  machines. 

on  the  speed  with  which  the 

^ fio'd  produced  by  the  field- 

dimSinTir^  T “ Si'oo  speed  of  the  conductors,  whilst 

armatures  nf  1 revolutions  of  the  armature  per  minute,  is  to  build 

and  unwieldv  two-pole  machines  become  very  cumbrous 

and  unwieldy  if  this  plan  is  pushed  very  far. 

If  injtead  of  two  poles  we  surround  the  armature  with  four,  and  cause  the 
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same  flux  of  magnetic  lines  to  pass  through  each  as  when  we  had  only  two,  then 
for  the  same  armature  we  could  with  one  half  the  speed  obtain  the  same  E.  m.  f. 
As  a matter  of  fact  the  gain  in  practice  cannot  be  so  great,  because  the  surface 
of  each  pole  cannot  bq  as  large  as  in  the  two-pole  case,  and  therefore  the 
magnetic  flux  must  be  less.  But  by  increasing  the  diameter  of  the  armature  we 


Fig.  341. — Oerliken  4-pole  Dynamo. 


get  increased  room  for  polar  surface,  and  at  the  same  time  increase  the  cir- 
cumferential speed  for  a given  number  of  revolutions  per  minute.  Both  these 
changes  tend  to  bring  about  the  desired  result.  The  general  arrangement  of 
the  magnetic  circuit  of  such  a four-pole  machine  is  depicted  diagrammatically  in 
Fig.  340.  The  exciting  coils  of  the  field-magnet  are  wound  upon  the  four 
poles  N,  S,  Nj,  Sj,  which  are  directed  inwards  from  a heavy  yoke  a which 
forms  the  outer  frame  of  the  machine.  These  poles  are,  of  course,  alternately 
north  and  south.  B represents  the  iron  of  the  armature,  and  the  course  of  the 
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magnetic  flux  is  shown  by  dotted  lines.  It  will  be  noticed  that  on  leaving  the 
poles,  either  for  the  armature  or  yoke,  the  lines  from  any  pole-piece  divide  into 
two  bundles,  which  pursue  different  paths  to  the  right  and  left. 

The  actual  machine,  whose  magnetic  circuit  is  represented  in  Fig.  340,  is 
shown  in  Fig.  341,  in  which,  however,  the  driving  pulley  and  an  additional 
bearing  are  omitted.  It  is  a dynamo  built  by  the  Oerliken  Maschinenfabrik  of 
Zurich,  and  has  an  output  of  300  ampferes  at  600  volts,  or  240  electrical  horse- 
power, and  therefore  nearly  double  that  of  the  early  steam-dynamos.  The  field- 
magnets  are  of  cast-iron,  and  therefore  because  of  the  lower  permeability  have 
to  be  more  massive  than  if  they  were  of  wrought-iron.  The  lower  part  forms  a 
single  casting  with  the  bed-plate  and  supports  for  the  bearings,  and  the  upper 
part  is  bolted  to  it  as  shown.  The  armature  is  of  the  large  diameter  of  37 
inches,  and  has  a central  hole  23  inches  in  diameter,  which  secures  good 
ventilation,  keeping  the  .conductors  cool  at  full  load;  its  length  is  22  inches, 
and  it  is  driven  by  a spider  keyed  to  the  shaft,  and  having  eight  arms  which  fit 
into  notches  in  the  iron  of  the  core.  This  core  consists  of  wrought-iron  flat 
rings  or  washers  *024  inch  in  diameter.  The  Gramme  ring  method  of  winding 
is  used,  the  conductor  being  a 19-strand  cable  making  400  convolutions,  every 
second  one  of  which  is  connected  to  the  commutator.  An  inspection  of 
Fig.  340  "’ill  show  that  there  must  be  four  neutral  points  round  this  armature, 
and  in  this  machine  four  sets  of  brushes  are  used,  connected  two  and  two  in 
parallel,  but,  as  we  have  already  seen  (page  327),  the  number  of  brushes  could  be 
reduced  to  two  by  connections  within  the  machine  itself.  The  speed  required 
for  the  above  output  is  480  revolutions  per  minute,  which,  though  much  less 
than  many  two-pole  machines,  is  still  too  great  for  direct  coupling  to  an  engine. 

As  an  example  of  a multipolar  dynamo  coupled  directly  to  the  driving  shaft 
of  a steam-engine,  we  show  in  Fig.  342  a Central  Station  Kapp  dynamo  driven 
by  a Davey  Paxman  triple  expansion  engine.  Here  the  armature  is  still  larger 
than  in  the  machine  just  described,  the  iron  core  alone  being  48  inches  in 
diameter;  it  is  surrounded  by  no  less  than  eight  poles.  The  magnetic  circuits 
are  the  same  as  m Fig.  340,  account  of  course  being  taken  of  the  increase  in 
the  number  of  poles,  but  the  cores  carrying  the  exciting  coils  are  provided  at 
heir  inner  ends  with  rectangular  pole-pieces  to  distribute  the  field  properly  to 
e armature.  In  this  case  the  armature  is  drum  wound,  the  conductors  con- 
sis  mg  0 362  copper  bars,  connected  by  segmented  plates  in  such  a way  that 
only  two  sets  of  brushes  are  required.  There  are,  of  course,  eight  neutral  points 
round  this  armature  at  distances  of  qs'’  apart;  two  of  these  points  135“  from 
selected  as  the  most  convenient  positions  for  placing  the 

rocking’  thp  1?"  positions  can  be  adjusted  by 

at  the  side'  ° rneans  of  the  hand-wheel  and  worm-gearing  seen 

12  inches  inn  also  large,  being  20  inches  in  diameter  and 

It  u separate  sections.  The  dynamo  gives  550  amphres 

Is  r f’.'™'  r Thi  output" 

190  electrical  horse-power,  and  is  therefore  less  than  that  of  the 


Fig.  343. — Edison  Centid  Station  Dynamo  and  Engine, 
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Oerliken  dynamo  of  Fig.  341,  but  the  speed  is  also  considerably  less.  The 
machine  described  was  shown  at  the  Crystal  Palace  Exhibition  of  1892. 

1 he  most  recent  type  of  Central  Station  Dynamo  constructed  by  the  Edison 
General  Electric  Company,  of  New  York,  is  also  a multi-polar  machine.  In 
343  t'vo  of  these  dynamos  are  shown,  coupled  directly,  one  to  each  end  of 
the  shaft  of  a triple  expansion  marine  engine.  Each  dynamo  has  an  output  of 
100  kilowatts  giving  666  amperes  at  150  volts,  with  a speed  of  172  revolutions 
per  minute.  The  armature  is  ring-wound  instead  of  drum-wound,  as  in  the 
two-pole  Edison  machines.  It  is  built  up  of  ( -shaped  copper  strips  which 
are  slipped  in  a single  layer  over  the  usual  laminated  wrought-iron  core.  The 
upper  end  of  one  strip  is  connected  with  the  lower  end  of  the  adjoining  one  by 
a copper  bar,  which  acts  as  one  segment  of  the  commutator.  In  this  dynamo, 
therefore,  as  can  be  seen  in  the  figure,  one  side  of  the  Gramme  ring  replaces  the 
commutator,  instead  of  the  outer  periphery  being  used  for  this  purpose  as  in  the 
Siemens’  internal  pole  machine  (Fig.  344).  The  number  of  poles  varies  with 
the  size  of  the  generator.  Since  in  this  machine  there  are  eight  poles,  and 
no  internal  cross  connections,  there  are  also  eight  sets  of  brushes,  which  are 
placed  a little  in  advance  of  the  median  line  between  successive  poles,  and  can 
be  rotated  simultaneously  by  the  hand-wheel  shown  at  the  side.  The  brushes 
are  connected  in  two  sets,  so  as  to  throw  the  different  circuits  in  parallel  as 
already  explained  for  other  multi-polar  machines.  The  magnetising  coils  of  the 
field-magnets  are  separately  wound  on  formers,  and  slipped  on  to  the  cores,  to 
which  the  pole-pieces  are  then  attached.  The  switch  for  closing  circuit  is  fixed 
in  a convenient  position  on  the  polygonal  yoke.  The  total  floor  space  occupied 
by  this  very  compact  plant,  consisting  of  a single  engine  driving  two  generators, 
one  at  each  end  of  its  shaft,  is  only  150  square  feet  for  an  output  of  200 
kilowatts.  We  have  already  pointed  out  the  advantages  of  restricting  the  floor 
space  for  continuous  current  low  pressure  stations. 

The  last  continuous  current  machine  which  we  shall  describe  is  one  ex- 
hibited by  Messrs.  Siemens  and  Halske  at  the  Frankfort  Exhibition  of  1891. 
It  is  interesting  in  two  ways;  firstly,  because  the  rotating  armature  is. placed 
outside  the  fixed  field-rnagnets,  and  secondly,  because  the  commutator  as  a 
separate  part  of  the  machine  is  dispensed  with,  the  collecting  brushes  simply 
resting  upon  the  outer  wires  of  the  armature  whose  external  surfaces  are  left  bare 
for  the  purpose. 

The  machine  (Fig.  344)  has  a field-magnet  with  ten  poles  directed  radially 
outwards  from  a solid,  heavy,  central  yoke  ring,  the  diameter  from  the  face  of  one 
pole  to  the  face  of  the  opposite  one  being  8 feet  1 1 inches.  Each  core  carries 
one  magnetising  coil  about  14  inches  long  which  is  traversed  by  a shunt  current, 
The  armature,  which  is  obviously  of  the  ring  type,  is  9 feet  10  inches  in  external 
diameter,  and  consists  of  810  external  and  810  internal  copper  bars,  united  by 
end  connections  so  as  to  form  a continuous  spiral  closed  on  itself.  The  external 
conductors  are  o'4  inch  wide,  insulated  from  one  another  by  compressed  paper, 
and,  as  already  explained,  form  the  commutator  of  the  machine.  1 he  spider 
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arms,  which  drive  the  armature,  are  mounted  directly  on  the  shaft  of  the  driving 
engine,  without  any  coupling  between  the  dynamo  and  the  engine.  There 
are  altogether  ten  sets  of  brushes  alternately  connected  together  so  as  to  form 


Fig.  344. — Siemens  and  Halske’s  Internal  Pole  Dynamo. 


two  parallel  groups  of  five  each.  All  these  sets  can  be  simultaneously  shifted 
round  by  means  of  the  wheel  gearing  seen  at  the  side,  and  can  be  lifted  out  of 
contact  altogether  by  moving  the  hand-lever. 

The  normal  speed  of  the  machine  is  80  revolutions  per  minute,  at  which  it 
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gives  a current  of  2,000  amperes  with  a pressure  of  150  volts;  its  output  is 
therefore  300  kilowatts  or  400  electrical  horse-power.  It  has,  however,  been 
run  at  100  revolutions,  at  which  the  potential  difference  rises  to  200  volts,  and 

as  the  armature  can  carry  3,000  ampferes  without  undue 
heating,  the  full  capacity  of  the  machine  may  be  taken  to 
be  600  kilowatts  or  800  electrical  horse-power.  With 
this  output  it  would  supply  current  to  no  less  than 
10,000  ordinary  16  candle-power  lamps. 


345- — Single  Coil  of 
Armature  of  Ferranti’s 
New  Dynamos. 


ALTERNATE  CURRENT  DYNAMOS  OR 
ALTERNATORS. 

Since  the  first  issue  of  this  work  a great  impetus  has 
been  given  to  the  use  of  alternate  current  dynamos  by 
the  improvement  of  induction  coils  or  “ transformers,” 
which  are  now  so  constructed  as  to  render  the  distribu- 
tion of  energy  by  means  of  high  potential  alternate  and 
polyphase  currents  commercially  practicable.  Although  these  transformers  are 
designed  to  accomplish  the  same  pur- 
pose as  the  Gaulard  and  Gibbs’  secon- 
dary generator,  illustrated  in  Fig.  308, 
we  propose  to  defer  our  remarks  upon 
them  to  a subsequent  section. 

The  changes  and  improvements  in 
the  construction  of  alternate  current 
machines  in  the  period  under  review 
have  followed  the  same  lines  as  the 
development  of  continuous  current  ma- 
chines, but  have  not  been  of  so 
sweeping  a character.  Many  of  the 
machines  illustrated  in  our  first  edition 
are  still  largely  used  in  a modified 
form,  but  others  have  been,  introduced 
which  in  many  respects  differ  materially 
from  their  predecessors.  Most  of  the 
dynamos  we  shall  now  describe  are 
suitable  and  are  designed  for  central 
station  work,  so  that  we  need  not  de- 
vote a special  section  to  machines  of 
that  class. 

Probably,  as  illustrating  the  develop- 
ment of  a machine  already  described,  our  readers  will  be  interested  in  a few 
details  of  the  large  Ferranti  machines  erected  by  the  London  Electric  Supply 
Corporation  at  the  important  generating  station  at  Deptford.  In  his  later 
dynamos  Ferranti  has  abandoned  the  zig-zag  method  of  winding  the  armature 


Fig.  346.— New  Ferranti  Armature. 
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detailed  on  pages  297  to  299,  and  now  winds  its  coils  separately  on  laminated 
brass  cores  as  shown  in  Fig.  345.  The  inner  end  of  the  copper  ribbon  of 
the  coil  is  soldered  to  the  solid  brass  piece  a,  through  which  a hole  is  bored 


eacr  coil  holif  “ thus  electrically  connected.  As 

another,  and  therefore  the  current  which  leaves  the 
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inner  end  ot  one  coil,  enters  the  inner  end  of  the  next  and  passes  through 
it  in  the  opposite  direction.  The  method  of  mounting  the  coils  in  the  300 
horse-power  alternator  is  shown  in  Fig.  346.  In  the  still  larger  dynamo 
of  10,000  horse-power  that  is  being  erected,  the  coils  are  carried  on  the  rim  of  a 
large  fly-wheel  weighing  200  tons,  and  the  total  diameter  of  the  armature  in  this 
huge  machine  is  45  feet.  A drawing  of  this  alternator,  showing  the  posi- 
tion of  its  driving  engines  on  each  side,  is  given  in  Fig.  347.  There  are  two 
engines  of  the  compound  vertical  type  coupled  to  the  shaft  of  the  alternator, 


Fig.  34S. — Field-Magnet  of  Mordey  Alternator. 


one  on  each  side,  and  each  capable  of  developing  5,000  horse-power.  These 
engines  stand  60  feet  high  from  the  ground,  and  80  feet  from  the  bottom  of  the 
pit  excavated  to  receive  the  lower  part  of  the  alternator.  The  armature  carries 
48  pairs  of  coils,  which  revolve  between  the  opposing  poles  1 1 of  the  field-magnets, 
these  poles  being  arranged  on  the  same  plan  as  iri  the  earlier  Ferranti  dynamo 
(Fig.  288),  but  with  many  modifications  in  the  details  of  the  mounting  rendered 
necessary  by  the  enormous  size  of  the  machine.  The  output  is  to  be  750 
amperes  at  10,000  volts,  when  running  at  a speed  of  60  revolutions  per  minute. 
The  machine  will  thus  furnish  sufficient  electrical  energy  to  light  over  100,000 
glow  lamps  of  16  candle-power  each. 

The  Mordey  Alternator.— One  of  the  most  recent  alternate  cunent 
dynamos  is  ihe  “ Mordey  Alternator,”  manufactured  by  the  Anglo- .American 
Electric  Light  Corporation.  Like  some  of  the  historical  machines  already 


349-— The  Mordey  Alternator,  with  Exciter. 


3^4 


Electricity  in  the  Service  of  Man. 


Fig.  350. — Armature  of  Mordey  Alternator. 

such  revolving  crowns  of  poles  the  fixed  armature  coils  are  placed.  On  the 
contrary,  on  the  field-magnet  (Fig.  348)  of  the  Mordey  alternator  there  is  only 
one  exciting  coil,  from  the  core  of  which  there  radiate  polar  projections  which 
are  curved  round  so  as  to  form  two  opposed  crowns  of  poles,  such  that  all 
the  poles  on  one  side  are  of  north  polarity,  and  all  those  on  the  other 
side  are  of  south  polarity.  In  the  machine  illustrated,  which  has  an  out- 
put of  50  horse-power  (electrical),  there  are  nine  of  these  poles  on  each 
side  and  the  two  sides  approach  within  tliree-quarters  of  an  inch  of  one 


described  {e.g.  Gordon’s,  Fig.  290  ; Zippernowsky’s,  Fig.  291,  etc.),  the 
armature  coils  are  fixed  and  the  field-magnet  revolves.  But  in  the  machines 
referred  to  there  are  usually  as  many  exciting  coils  as  there  are  effective  poles  to 
the  field-magnets,  and  these  poles  are  arranged  round  the  circumference  of  a 
circle  so  that  they  are  alternately  of  north  and  south  polarity ; between  t'"o 
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another.  In  the  narrow  gap  thus  left  the  stationary  armature  coils,  which  arc 
shown  in  Fig.  350,  are  placed.  There  are  eighteen  of  these  coils,  wound  with 
ribbon  copper  0-45  inch  wide,  on  porcelain  cores,  and  clamped  at  the  broad  end 
to  a light  but  firm  frame,  the  ends  of  the  conductors  of  each  coil  being  brought 
out  through  porcelain  insulators  and  suitably  connected  together.  Since  there 
are  twice  as  many  armature  coils  as  there  are  poles  on  one  side  of  the  field- 
magnet,  it  follows  that  if  one  coil  be  exactly  in  the  gap  between  two  opposed 
poles  its  neighbours  on  either  side  are  quite  clear  of  these  gaps ; the  magnetic 
flux  through  the  first  coil  is  therefore  a maximum,  whilst  the  flux  through  the 
adjoining  coils  is  a minimum.  As  the  field-magnet  revolves  the  relative  positions 
of  the  poles  and  the  armature  coils  change  rapidly,  and  the  number  of  magnetic 
lines  of  force  passing  through  any  one  of  the  latter  is  continually  varied  from  a 
maximum  to  a minimum,  and  back  again  to  a maximum,  and  so  on.  These 
variations  cause  alternating  currents  to  be  set  up  in  the  coils,  and  these  by 
suitable  connections  can  be  thrown  into  an  external  circuit.  The  action  of  the 
machine,  therefore,  differs  from  the  previous  ones,  inasmuch  as  the  currents  are 
produced  by  variations  only  of  the  magnetic  field  in  which  any  individual  coil  is 
placed,  whereas  in  the  other  machines  the  currents  are  induced  by  rapid  reversals 
of  the  field. 

In  the  complete  machine  (Fig.  349)  the  field-magnet  is  to  a great  extent 
hidden  by  two  metallic  shields,  whose  object  is  to  diminish  the  air  currents  which 
would  otherwise  be  set  up  by  the  rotating  pole-pieces.  The  field-magnet  is 
excited  by  the  current  from  a small  Victoria  dynamo,  usually  placed,  as  shown  in 
the  figure,  on  the  same  shaft  as  the  alternator.  This  current  is  led  into  the  ro- 
tating coil  from  two  rings  which  are  shown  on  the  shaft  on  the  right-hand  side 
in  Fig.  348.  Thus  excited  the  machine  gives  a current  of  17  to  20"  amperes  at 
a potential  difference  of  2,000  volts,  when  running  at  650  revolutions  per  minute. 
It  should  be  specially  noticed  that  there  is  no  iron  in  the  armature  of  this 
dynamo,,  a fact  to  which  Mr.  Mordey,  for  reasons  we  have  not  space  to 
enlarge  upon,  attaches  great  importance  as  allowing  several  machines  to  be 
coupled  together  without  inconvenience,  and  also  as  having  an  important  bearing 
on  its  use  as  a motor,  and  on  its  efficiency.  In  fact  there  is  no  metal  in  the 
field  except  the  conductor,  and  consequently  losses  due  to  eddy  currents  and 
to  reversals  of  magnetism  are  entirely  avoided. 

Passing  from  alternators  with  flat  disc-like  armatures,  containing  no  iron  cores, 
we  shall  now  describe  some  machines  which  more  nearly  resemble  familiar 
continuous  current  dynamos.  An  excellent  type  of  such  a modem  alternator  is 
the  machine  designed  by  Mr.  Gisbert  Kapp  and  manufactured  by  more  than  one 
well-known  firm,  both  in  this  country  and  on  the  Continent.  The  dynamo 
shown  in  Fig.  351  is  one  constructed  by  Messrs.  Johnson  and  Phillips.  All  these 
machines  have  ring  armatures  somewhat  resembling  the  original  Gramme 
armature,  except  that  the  winding  does  not  continuously  cover  the  iron  core,  but 
IS  split  up  into  separate  consecutive  coils  in  which  at  any  instant  the  current  circu- 
ates  in  opposite  directions.  There  is,  of  course,  no  commutator,  and  the  electrical 


3*5<3  , Electricity  in  the  Service  of  AIan. 

connections  of  the  separate  sections  of  the  armature  are  such  that,  although  the 
ciratlation  of  the  current  is  opposite  in  successive  coils,  all  these  currents  are 
thrown  in  the  same  direction  into  one  circuit,  the  ends  of  which  are  soldered  to 
the  collecting  rings  of  the  machine.  Another  way  in  which  the  alternator  differs 
from  the  continuous  current  ring  armature  dynamo  is  that  the  poles  of  the 
field-magnets,  instead  of  embracing  the  outer  circumference  of  the  ring,  are 


arranged  at  the  sides  in  a double  crown,  between  which  the  armature  rotates.  In 
Fig.  351  there  are  twelve  pairs  of  magnet  poles,  those  on  either  side  being 
alternately  of  north  and  south  polarity,  but  the  two  poles  that  face  one  another 
on  opposite  sides  of  the  ring  have  the  same  polarity.  Ihus  the  magnetic  flux 
is  compelled  to  flow  through  the  iron  of  the  ring  from  any  pair  of  poles  to  the 
next  pair  on  either  side.  When  repair  or  examination  of  the  ring  is  necessar), 
the  two  opposed  parts  of  the  field-magnet  can  be  slid  back  by  means  of  the 
racks  and  pinions  seen  at  the  side,  close  to  which  will  be  observed  the  terminals, 
by  which  the  exciting  current  is  conveyed  to  the  magnet  coils. 

The  core  of  the  armature  is  built  up  of  strips  of  annealed  wrought-iron  2-5 


Fig.  351. — Kapp’s  Ring  Armature  Alternator, 
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inches  wide  and  0-025  inch  thick,  wound  upon  a foundation  ring  of  cast-iron 
and  insulated  from  one  another  by  paper.  The  radial  depth  of  this  core  is  eight 
inches,  and  on  it  are  wound  the  twelve  armature  coils,  each  of  which  has  about 


Fig.  352. — Armature  of  Westinghouse  Alternator. 


100  turns  of  wire,  tfie  total  resistance  being  7 ohms.  The  output  is  30  kilowatts, 
being  15  ampbres  at  2,000  volts  with  a speed  of  700  revolutions  per  minute. 

Still  larger  machines  of  the  same  type,  some  having  an  output  of  120 
kilowatts,  have  been  constructed  at  the  Oerliken  Works  and  for  the  Metropolitan 
Electric  Supply  Company.  In  these  larger  machines  the  continuous  current 
exciting  dynamo  is  sometimes  built  on 
the  same  bed-plate,  its  armature  being 
driven  by  the  same  shaft  as  the  alternator. 

Alternators  have  also  been  built  with 
armatures  resembling  the  drum  arma- 
tures of  continuous  current  machines. 

One  of  these,  which  is  widely  used  both  353-~Single  Coil  of  Westinghousg 

in  this  country  and  in  the  United  States,  Armature, 

is  that  constructed  by  the  Westinghouse  Electric  Company.  The  armature 
(Fig-  352)  consists  of  a laminated  drum  of  soft  iron  built  up  of  thin  discs,  with 
holes  through  them  to  promote  ventilation.  On  this  core  the  sixteen  coils  (one 
of  which  is  shown  in  Fig.  353),  are  laid.  These  coils  are  flat  and  consist  of  a 
single  layer  of  wire  wound  as  shown,  and  then  placed  on  the  outside  of  the 
drum  ; the  length  of  the  coils  is  so  far  greater  than  that  of  the  drum  that 
the  curvilinear  bends  at  the  ends  can  be  flattened  down  against  the  sides  of 
the  core.  The  coils  are  bound  tightly  on  the  drum  by  the  well-insulated  brass 
binding  wires  seen  in  Fig.  352. 
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The  armature  so  constructed  is  spun  within  the  poles  of  a i6-pole  field- 
magnet,  as  shown  in  Fig.  354,  which  depicts  the  complete  machine.  The  poles 
of  the  magnet  are  directed  radially  inwards  from  a massive  yoke,  which  is  in  two 
parts,  the  upper  half  being  readily  removable  to  admit  of  a new  armature  being 
quickly  substituted  should  any  accident  happen  to  the  one  in  use.  The  field, 
magnet’s  poles  are  alternately  n and  s,  and  the  coils  on  the  armature  are  so 


354- — The  Westinghouse  Alternator. 


connected  as  to  form  two  series  of  eight  coils  each,  joined  in  parallel  by  the 
collecting  rings.  The  machine  is  driven  by  a belt  at  1,080  revolutions  per 
minute,  at  which  it  gives  145  amperes  at  1,100  volts,  there  being,  therefore,  144 
alternations  per  second. 

Elihu  Thomson’s  alternator  is  very  similar  to  the  Westinghouse,  and  is 
interesting  from  the  fact  that  some  of  the  coils  of  the  field-magnet  are  excited  by 
a commutated  current  from  the  machine  itself.  This  current  is  to  regulate  the 
E.  M.  F.  at  the  different  loads,  and  is  therefore  analogous  to  the  compound 
winding  of  continuous  current  dynamos. 

The  Ellwell-Parker  alternator,  which  is  used  in  more  than  one  Central 
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Station  in  London,  is  magnetically  the  converse  of  the  machine  just  described. 
In  it  the  field-magnet,  with  its  radial  poles  directed  outwards,  revolves  inside  the 


mu 


3SS- — The  Hopkinson  Alternator. 


armature,  which  is  fixed.  This  armature  consists  of  flat  coils  laid  against  the 
inner  surface  of  a laminated  iron  core  ring  which  encloses  the  revolving  field- 

magnet.  Want  of  space  will  not  allow  us  to  describe  these  well-known  machines 
in  detail. 
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The  last  alternator  that  we  shall  describe  has  a field-magnet  resembling  the 
field-magnet  of  some  multipolar  continuous  current  dynamos,  except  that  it  is 
relatively  much  narrower.  Fig.  355  depicts  this  alternator,  which  was  designed  by 
Drs.  J.  and  E.  Hopkinson,  and  is  built  by  Messrs.  Mather  and  Platt,  of  Manchester. 
Not  only  are  the  poles  of  the  field-magnet  radial,  but  so  also  are  the  axes  of  the 
armature  coils.  Other  details  can  easily  be  gathered  from  an  inspection  of  the 
figure.  The  continuous  current  exciting  dynamo  is  mounted  on  a bracket  at  the 
side,  and  has  its  armature  driven  by  the  same  shaft.  It  is  of  the  “ Manchester  ” 
type  already  described  (page  338).  The  machine  illustrated  gives,  at  800  revolu- 
tions per  minute,  30  amperes  at  1,000  volts,  the  exciting  current  in  the  field- 
magnets  being  21  ampbres. 

Inductor  Alternators. — In  all  the  dynamos  hitherto  described,  either  the 


armature  or  the  field-magnet  has  been  movable.  In  alternators,  however,  this 
is  not  absolutely  necessary,  and  Mordey,  Kingdon,  Elihu  Thomson,  and  others 
have  designed  machines  in  which  both  the  field-magnets  and  the  armatures  are 
fixed.  In  such  machines,  which  are  known  as  “Inductor  Dynamos,”  the 
varying  magnetic  flux  through  the  armature  coils  is  caused  by  the  movements  of 
properly-shaped  masses  of  iron  which  continually  vary  the  distribution  of  the 
magnetic  field  set  up  by  the  field-magnet,  and  thus  cause  currents  to  be  induced 
in  the  armature. 

A reference  to  Fig.  356  will  enable  our  readers  to  understand  the  action  of 
these  machines,  which  we  do  not  propose  to  describe  in  detail.  This  figure 
represents  a portion  of  Kingdon’s  inductor  alternator.  The  cores  for  both  the 
armature  and  the  field-magnet  coils  are  directed  radially  inward  from  the  same 
yoke,  and  are  placed  alternately  on  it.  f f f are  field-magnet  cores,  and  a a a 
are  armature  cores ; the  thin  line  represents  the  winding  of  the  latter,  and  the 
thick  line  the  wire  wound  on  the  former,  the  current  in  this  wire  being  a con- 
tinuous one,  maintained  by  a separate  exciting  dynamo.  The  inductors  P P p 
are  masses  of  laminated  iron  carried  on  the  periphery  of  an  internal  wheel,  which 
is  driven  by  the  engine.  It  will  be  observed  that  as  these  inductors  rotate  the 
polarity  of  each  armature  core  will  depend  upon  whether  it  is  magnetically 
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connected  for  the  moment  to  a N or  S field-magnet  pole  by  the  iron  mass  of  an 
inductor.  Thus  the  polarity  of  the  armature  cores  is  continually  being  reversed 
and  alternate  currents  are  set  up  in  the  coils  wound  upon  them. 


POLYPHASE  CURRENT  DYNAMOS. 

In  the  transmission  of  power  by.  the  electric  current  over  long  distances  the 
ordinary  alternate  current,  as  we  shall  show  subsequently,'  possesses  certain 
advantages  as  regards  economy  over  the  continuous  current.  Its  . greatest 
drawback  is,  that  in  the  present  state  of  electrical  development  it  cannot  be 
used  economically  to  drive  electric  motors  and  thus  reproduce  mechanical 
energy  at  the  distant  place.  It  can  therefore  only  be  employed  in  lighting 
glow  lamps  or  supplying  energy  to  apparatus  in  which  heat  is  required,  such 
as  for  electric  welding,  electric  furnaces  and  so  forth. 

In  1891,  however,  the  problem  of  the  electric  transmission  of  power  by 
alternate  currents  was  solved  at  the  Frankfort  Exhibition  by  the  use  of 
currents  differing  somewhat  in  character  from  the  ordinary  alternate  current. 
In  the  latter  two  conductors  are  used,  the  current  going  by  one  and  returning 
by  the  other,  and  at  any  instant  the  phase  * of  the  current  in  the  return  line 
is  opposite  to  that  in  the  out-going  line,  the  algebraic  sum  of  the  two  being 
zero.  At  the  Frankfort  experiments  three  conducting  lines  were  used,  and  the 
currents  in  the  three  lines  differed  in  phase  * from  one  another  by  one-third 
of  a period.  Thus,  at  - a certain  instant,  one  line  would  be  carrying  a positive 
current  equal  in  magnitude  to  the  sum  of  two  negative  currents  in  the  other 
lines.  An  instant  later  the  first  and  second  line  would  both  be  carrying 
positive  currents  equal  in  sum  to  a single  negative  current  in  the  third  line, 
and  so  forth.  The  currents  in  all  three  lines  are  alternate  ones,  but  they  change 
sign  at  instants  of  time  separated  by  intervals  equal  to  one-third  of  the  periodic 
time  of  alternation.  The  advantage  of  this  curious  arrangement  of  currents  is, 
that  efficient  electric  motors  can  be  driven  by  them,  and  thus  the  problem  of 
the  electric  transmission  of  power  by  alternate  currents  can  be  completely  solved. 
We  may  remark  that  the  principle  is  not  confined  to  the  use  of  three 
currents,  but  can  be  extended  to  any  number  of  currents  differing  in  phase 
by  a fraction  of  the  full  period  corresponding  to  the  number  of  currents. 
Such  currents  are  called  polyphase  currents ; in  what  follows,  however,  we 
shall  only  deal  with  the  particular  variety  known  as  “ three-phase  ” currents. 

We  propose  now  to  describe  the  three-phase  generator  used  in  the 
Frankfort  experiments,  and  shall  deal  with  the  motors  and  other  details  in  a 


By  the  phase  of  the  currents  being  opposite  we  mean  that  one  reaches  its  negative  maximum 
at  tlie  same  time  that  the  other  reaches  its  positive  ma.ximum.  The  fraction  of  the  full  periodic 
time  at  which  currents  of  the  same  period  successively  reach  their  positive  maxima  e.x- 
presses  the  difference  of  phase  between  them.  Thus,  if  the  period  be  ^^^th  of  a second  and  one 
current  reaches  its  positive  maximum  ^i^th  of  a second  after  another,  its  phase  is  said  to  be 
one-third  of  a period  behind  the  first. 
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subsequent  section.  First,  however,  it  may  be  well  to  show,  in  an  elementary  • 
manner,  how  three-phase  currents  may  be  generated.  Consider  three  coils  a 
B,  and  c (Figs.  357  and  358)  at  equidistant  positions  on  the  ring  armature  of  a two 
pole  dynamo.  The  arrow-heads  are  intended  to  represent  the  directions  of  the 
induced  e.m.f.’s  at  the  instant  considered,  the  rotation  of  the  ring  being  clock- 
wise. In  coil  A the  e.m.f.  is  increasing,  in  coil  b it  is  diminishing,  but  is  in 


Fig-  357-  — “ Star  ” Connections  of  Three-phase  Alternator. 


the  same  direction  as  in  a,  whereas  in  coil  c it  is  also  diminishing,  but  is  in 
the  opposite  direction  to  what  it  is  in  coils  a and  b.  As  the  ring  rotates  it  will 
be  evident  that  the  three  coils  have  similar  alternations  of  e.m.f.  induced  in  them, 
but  that  they  reach  their  zero  and  maximum  positions  at  different  instants  of 
time  ; in  other  words,  though  the  induced  e.m.f.’s  are  similar  they  differ  in  phase. 


Fig.  358. — “ Mesh  ” Connections  of  Three-phase  Alternator. 


Theoretically  there  are  several  ways  in  which  these  coils  may  be  employed 
to  supply  multiphase  currents  to  external  circuits,  but  we  need  only  refer  to  the 
two  which  are  represented  in  Figs.  357  and  358.  In  Fig.  357,  which  shows  what 
has  been  called  the  “ Star  ” method  of  connection,  the  three  corresponding  ends 
of  the  coils  are  joined  together  at  a common  junction  j,  and  the  other  three 
ends,  a,  b,  and  c,  being  connected  to  three  insulated  rings,  can  then  be  used  to 
supply  three  separate  line  wires  with  three-phase  currents.  At  the  instant 
represented  a and  b are  giving  current  to  their  lines,  whilst  c is  receiving  from 
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its  line  a current  equal  to  the  sum  of  a and  b.  Another  method  of  connection, 
which  has  been  called  the  “mesh”  method,  is  shown  in  Fig.  358,  where 
internally  the  end  of  one  coil  is  connected  to  the  beginning  of  the  next  as  in  an 
ordinary  Gramme  ring.  Here  also,  if  the  points  a,  b,  and  c be  joined  to 
collecting  rings,  three-phase  currents  can  be  supplied  to  outer  circuits.  In  this 
case,  at  the  instant  represented,  the  currents  sent  out  from  a will  be  equal  to 
the  sum  of  the  currents  in  x and  y,  and  intermediate  between  them  in  phase. 


Fig-  359- — Brown’s  300  Horse-power  Three-phase  Alternator. 

TfH  current  from  b will  be  equal  to  the  difference  of  the  currents  in  s and  y,  and 
of  intermediate  phase,  whilst  similarly  the  current  received  by  c will  be  equal  to 
the  sum  of  the  currents  in  x and  z. 

In  the  actual  generators,  multipolar  machines  are  used  instead  of  two-pole 
machines,  but  the  same  principle  is  employed. 

Brown  s Three-Phase  Alternator. — This  machine,  designed  by  Mr. 
C.  E.  L.  Brown,  was  built  at  the  Oerliken  Works,  Zurich,  for  the  Frankfort 
experiments.  A general  view  of  the  dynamo  is  given  in  Fig.  359,  and  details  in 
Figs.  360  and  361.  It  is  of  the  multipolar  type,  there  being  32  poles  to  the  field- 
magnet,  which  revolves,  the  armature  being  stationary  and  surrounding  it.  This 
field-magnet  is  similar  to  the  Mordey  field-magnet  (Fig.  348)  in  principle,  but  the 
relative  proportions  of  the  parts  and  the  polar  extensions  are  quite  different. 
There  is  only  one  magnetising  coil,  which  can  be  seen  in  section  in  Fig.  361,  and 
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which  surrounds  the  large  central  hub.  The  poles  n and  s project  alternately 
from  either  side  of  the  coil,  and  present  their  polar  faces  radially  outwards 
towards  the  smooth  inner  surface  of  the  iron  of  the  armature,  which  comes  very 
close  to  them.  The  armature  conductors  are  solid  copper  bars  1-14  inches  in 
diameter,  covered  with  asbestos  and  embedded  completely  in  holes  drilled  in  the 
iron  core  near  its  inner  surface.  A most  interesting  observation  in  connection 
with  armature  conductors  so  buried  in  the  iron  is  that  no  wasteful  eddy  currents 
are  set  up  in  them  as  would  be  the  case  if  the  same-sized  conductors  were  placed 


F'K-  3^0' — Field-magnet  with  Armature  removed,  larger  scale 
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outside  the  iron.  There  are  96  of  these  copper  rods  joined  up  at  the  ends  so  as  j 
to  form  three  sets  of  coils  connected  as  shown  in  the  “ star  " method  (Fig.  357).;  j 
The  connections  will  perhaps  be  better  understood  by  reference  to  Fig.  362,  which”  I 
shows  the  relative  positions  of  four  consecutive  poles,  and  the  twelve  conductors 
which  are  passing  over  them  at  any  instant.  The  conductors  in  the  same 
circuit  are  marked  with  the  same  letters  A,  b,  and  c,  and  the  three  thick  lines 
along  the  top  are  intended  to  represent  the  collecting  rings  to  which  the  free 
ends  of  the  circuits  are  joined.  The  common  “ star”  junction  is  at  j,  which  is  j 
electrically  the  corresponding  point  to  j in  Fig.  357.  Each  circuit  is  intended  to* 
give  a current  of  1,400  amperes  at  50  volts  when  the  machine  is  run  at  150 
revolutions  per  minute,  the  currents  in  the  three  circuits  differing  in  phase  in  the'  ^ 
manner  already  described.  The  total  weight  of  copper  in  the  armature  is  only 
660  lbs.,  which  is  small  for  a machine  producing  such  an  output. 
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The  small  continuous  current  dynamo  for  exciting  the  field-magneU  is 

shown  at  the  side  in  Fig.  360.  The  exciting 
current  instead  of  being  led  to  the  revolving 
magnet  by  brushes  is  carried  in  on  the  two 
metallic  bands  seen  on  the  left  of  Fig.  359. 
The  loss  in  the  exciting  circuit  at  full  load  is 
less  than  i per  cent,  of  the  output ; the  other 
losses  due  to  friction,  hysteresis,  and  armature 
resistance  are  also  very  small,  so  that  the 
commercial  efficiency  of  the  machine  is  over 
96  per  cent.  The  total  weight  is  nearly  9 
tons  without  the  bed-plate.  Several  of  these 
machines  are  now  in  use  in  various  places, 
some  running  as  generators  and  others  as 

Fig.  361. — Detail  of  Field-magnet  of  motors. 

Three-phase  Alternator. 


Fig.  362. — Developed  Diagram  of  Three-phase  Winding. 


CONSTRUCTION  AND  WORKING  CONDITIONS  OF  MACHINES. 

Difficulties  of  Classification. — Our  subject  is  far  from  being  exhausted 
by  the  description  of  the  foregoing  machines.  We  have  purposely  paid  attention 
only  to  those  machines  that  show  marked  differences  as  regards  the  principles 
on  which  they  are  constructed^  mechanical  execution,  etc.  It  is  not  impossible 
to  secure  a rigorous  classification,  as  the  distinguishing  features  of  the  different 
types  are  not  sufficiently  independent.  Machines,  for  instance,  may  be  divided 
into  continuous  current  machines  and  alternate  current  machines.  But  the 
cylindrical  and  drum  machines,  and  likewise  those  which  are  provided  with  the 
Pacinotti  or  a similarly  constructed  ring,  also  generate  alternate  currents,  and 
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the  introduction  of  a commutator  only  causes  the  currents  to  flow  in  the  same 
direction  through  the  exterior  circuit. 

In  the  uni-polar  machine  of  Ferraris  all  the  conditions  of  a continuous 
current  machine  are  satisfied.  The  currents  always  flow  in  one  direction  through 
the  conductors  of  the  machine,  and  no  commutator  is  necessary.  The  dis- 
tinction between  the  various  types  of  field-magnets  might  furnish  a basis  for 
classification,  but  this  again  would  not  be  altogether  satisfactory. 

Recapitulation  of  Common  Features.— We  shall  now  trace  certain 
points  of  resemblance  in  all  these  machines,  and  show  their  agreement  with 
certain  general  laws.  We  shall  then  examine  the  differences  that  make  one 
particular  kind  of  machine  more  suitable  for  any  given  kind  of  work  than 
another. 

All  dynamos  follow  the  law  that  the  induced  currents  in  all  cases  of  magneto- 
electric  induction  have  such  a direction  that  their  reaction  tends  to  stop  the  motion 
that  produces  them  (Lenz’s  law). 

In  all  machines  the  generation  of  electric  currents  is  effected  bj  conducting 
wires  and  magnet  fields,  constantly  changing  their  relative  positions,  by  means  of 
one  portion  of  the  machine  (either  the  armature  or  the  electro-magnets)  being 
kept  in  motion.  In  all  cases  the  electric  currents  are  supplied  as  the  equivalent 
of  the  mechanical  work  done  by  the  motor  which  keeps  the  dynamo  machine  in 
motion,  less  a certain  percentage,  varying  in  different  machines,  which  is  unavoid- 
ably lost  or  dissipated.  Little  power  is  required  to  set  an  electric  machine  in 
motion,  but  great-  power  may  be  required  to  maintain  it  in  motion  when  the 
full  currents  are  developed,  and  the  outer  circuit  is  unbroken.  Where  the 
exterior  circuit  is  broken,  the  dynamo,  if  a series  wound  machine,  is  unable  of  itself 
to  produce  any  currents  at  all,  as  the  e.  m'.  f.’s  induced  in  the  armature  by  the 
residual  magnetism  would  be  so  weak  as  to  be  prevented  by  the  break  in  the 
circuit  from  driving  currents  into  the  coils  of  the  electro-magnets.  In  the  case  of 
a machine  furnished  with  permanent  steel  magnets,  or  with  electro-magnets  which 
are  fed  from  an  independent  source  of  electricity,  E.  M.  f.’s  are  set  up  in  their 
armatures  even  when  their  outer  circuit  is  interrupted.  In  order  to  maintain  the 
motion  of  these  machines  with  a closed  outer  circuit,  a much  greater  expenditure 
of  energy  is  required.  We  may  easily  convince  ourselves  that  this  is  the  case  by 
making  experiments  with  little  hand  machines  of  this  kind  \ we  shall  find  that 
for  the  first  few  turns  of  such  a dynamo-electric  machine  very  little  exertion  is 
required,  but  this  exertion  has  to  be  increased  in  proportion  as  the  strength  of 
the  current  increases.  This  proves,  then,  that  by  generating  currents  in  the 
armature,  an  opposing  force  is  called  into  existence,  which  tends  to  retard  the 
rotating  parts  of  the  machine.  * 

Let  us  now  consider  the  resistance  produced  by  the  machine  itself.  In  all 
dynamos,  either  the  bobbins  move  in  the  presence  of  magnetic  poles,  or  magnets 
move  in  the  neighbourhood  of  coils  in  which  currents  circulate.  We  know  that 
the  coil  and  magnet  will  either  attract  or  repel  each  other,  according  as  the 
amperian  and  inducing  currents  are  parallel  or  opposite  as  regards  their  directions. 
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An  action  and  reaction,  therefore,  take  place  in  every  machine  between  the  fixed 
and  rotating  portions.  There  are  only  two  cases  possible  : The  generated  force 
will  either  tend  to  move  the  rotating  portion  in  the  direction  in  which  it  is  moved 
by  the  moving  power — e.g.  the  steam-engine — or  this  force  will  tend  to  move  the 
rotating  portion  in  the  opposite  direction.  In  other  words,  it  either  assists  or 
opposes  the  motor.  Whether  the  one  or  the  other  takes  place  we  can  ascertain 
from  the  diagram  of  the  machine,  as  we  have  already  done  in  the  case  of  the 
Gramme  ring.  In  fact,  experience  derived  from  mechanical  observations 
of  another  kind  tells  us  that  the  generated  force  must  oppose  the  motion.  If 
this  were  otherwise  the  machine  once  started  would  require  no  external  moving 
power  to  sustain  its  motion — a result  which  would  be  contrary  to  the  mechanical 
law  that  “ perpetual  motion  is  impossible.”  This  retarding  force  will  occur  in 
every  machine,  whatever  its  construction  may  be.  We  shall  find  that  in  the 
conductors  or  portions  ot  the  conductors  which  are  being  brought  near  a mag- 
netic pole,  currents  are  produced  which  are  opposite  to  the  direction  of  the  am- 
perian  currents  of  the  magnetic  pole,  and  hence  these  currents  will  be  repelled 
by  this  pole.  Conductors  moving  away  from  a magnetic  pole  will  have  the 
direction  of  their  induced  currents  parallel  to  the  amperian  currents  of  that 
pole ; the  latter,  therefore,  will  try  to  retain  the  conductor — i.e.  the  whole 
system  is  influenced  by  a force  which  tries  to  move  it  in  a direction  opposite  to 
the  direction  it  is  moved  by  the  external  force.  This  will  explain  why  a dynamo 
machine  requires  a constant  supply  of  motive  power  to  keep  it  in  motion,  and 
how  it  is  that  the  amount  required  will  vary  with  the  current  produced  by  the 
machine.  We  hardly  need  remark  that  a portion  of  the  work  done  by  the 
motor  is  used  in  overcoming  the  friction  in  the  different  parts  of  the  machine, 
etc.  The  greater  portion  of  the  work,  however,  is  converted  into  electricity 
in  motion  by  overcoming  the  force  of  attraction  or  repulsion  between  the 
movable  and  fixed  portions  of  the  machine.  This  force  of  attraction  (or 
repulsion)  manifests  itself  as  long  as  the  machine  is  in  motion,  becoming  stronger 
or  weaker  in  the  same  proportion  as  the  current  alters  its  strength ; work,  there- 
fore, will  be  done  upon  the  electric  machine,  and  the  amount  of  work  will  vary 
with  the  increase  or  decrease  of  current.  The  behaviour  of  the  electric  machine 
gives  a beautiful  example  of  the  law  of  the  conservation  of  energy,  which 
tells  us  that  the  work  done  by  any  machine  will  be  proportional  to  the  work 
expended  on  it. 

Ohm  s Law  applies  to  all  Machines. — We  know  the  law  which 
determines  the  strength  of  any  current  produced  by  a machine.  Whenever 
there  is  a difference  of  potential  e between  two  points  connected  by  a conductor 
of  resistance  r,  no  matter  by  what  process  e is  produced,  the  current  c in  the 

conductor  will  be  given  by  Ohm’s  law  c = ^ In  order,  then,  to  calculate 

K. 

the  strength  of  the  current,  it  is  necessary  to  know  the  e.  m.  f.,  and  also  the  total 
resistance.^  We  must  inquire,  therefore,  upon  what  conditions  these  two  factors 
depend.  The  e.  m.  f.  must  be  the  greater,  the  greater  the  induction  in  the 
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wires ; it  must  depend,  therefore,  upon  the  strength  of  the  magnets  and  the 
distance  of  the  magnet  poles  from  the  coils.  The  e.  m.  f.  will  be  increased 
when  the  strength  of  the  magnets  is  increased,  and  when  their  distance  from  the 
coils  is  diminished.  In  constructing  a machine,  therefore,  care  ought  to  be  taken 
that  magnets  and  armature  are  as  close  as  possible  to  each  other.  Machines 
possessing  steel  magnets  the  strength  of  which  remains  constant  will  with  constant 
speed  also  have  the  e.  m.  f.  constant.  The  e.  m.  f.  will  also  remain  constant 
when  the  magnetism  of  the  machine  is  induced  by  an  independent  source  of 
electricity.  Just  as  the  E.  m.  f.  of  a galvanic  battery  depends  not  only  upon  the 
chemical  constitution  of  the  various  parts  of  each  cell,  but  also  upon  the  number 
of  such  cells — i.e.  the  number  of  elements  joined  to  each  other — the  e.  m.  f. 
of  a machine  will  vary  with  the  number  of  turns  in  an  armature.  Other 
conditions  being  equal,  the  e.  m.  f.  is  directly  proportional  to  the  number  of 
turns  in  the  armature  coils.  The  E.  M.  F.  of  an  induced  current,  as  we  know, 
is  greater  the  faster  the  conductor  moves ; the  e.  m.  f.  of  a machine,  then, 
will  be  greater,  the  greater  the  speed,  and  will  therefore  vary  with  the  number  of 
revolutions  the  machine  makes  in  a given  time.  The  e.  m.  f.  of  a dynamo 
machine  will  thus  depend  upon  the  magnetic  flux,  the  number  of  turns  in  the  coils, 
and  the  speed.  We  will  now  express  these  conditions  by  means  of  an  equation. 

Relation  of  Speed  and  E.  M.  F.  in  a Magneto  Dynamo.— 
Faraday's  principle  and  Maxwell's  ride  give  an  easy  method  of  taking  account 
of  the  condition  of  the  magnetic  field,  no  matter  how  it  is  produced.  Let  a single 
coil  rotate  about  an  axis  at  right  angles  to  the  direction  of  the  lines  of  force, 
and  let  the  total  number  of  lines  passing  through  this  coil  when  it  is  at  right 
angles  to  the  field  be  N;[.  Starting  from  this  position  the  coil  loses  all  these  lines 
in  the  first  quarter  of  a revolution,  and  has  them  passed  in  negatively  in  the 
second  quarter,  only  to  lose  them  again  in  the  third  and  have  them  restored  to 
their  original  position  in  the  fourth  quarter  of  the  revolution.  Therefore  2 Nj 
lines  are  taken  in  and  2 are  taken  out  in  a complete  revolution ; the  total 
change  is  thus  4 lines  per  revolution,  and  if  there  be  n revolutions  per  second 
the  average  e.  m.  f.  developed  is  e = 4 « n^. 

If  now  there  be  c of  these  coils  spaced  evenly  round  the  armature,  we  find 
for  the  whole  e.  m.  f.  (remembering  that  only  half  the  coils  are  in  series) 
E •—  2 « ^ N. 

Let  K be  the  number  of  conductors  on  the  outside  of  the  armature  and  n the 
total  flux  across,  then  for  ring  armatures  K = r and  N = 2 Nj,  and  for  drum 
armatures  k = 2 c and  n = n^.  Therefore  in  both  cases  we  get 

E = « K N.  ' 

Let  E be  the  whole  electromotive  force,  and  let  e be  the  difference  of  potential, 
or  the  electromotive  force  between  the  terminals  to  which  the  exterior  circuit 
is  attached.  Then  e is  less  than  e,  for  part  of  the  electromotive  force  is  ex- 
pended in  overcoming  the  resistance  in  the  armature.  The  volts  by  which  c 
falls  short  of  e represent  the  part  of  the  e.  m.  f.  unavailable  externally,  and 
which  is  therefore  sometimes  called  the  lost  volts. 
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Let  R be  the  resistance  of  the  outer  circuit,  and  r that  of  the  armature,  also 
let  C be  the  strength  of  a current.  Then  Ohm’s  law  gives  us  : — 

E = c (r  + r) 
e — c R 

and  therefore  ^ : e : : r + r : r ; 

(R  + r)  e , « K N 

or  E = and  c = — • 

R R + r 


The  Efficiency  of  a Magneto  Dynamo. — From  the  analogy  of  the 
steam-engine,  the  ratio  of  the  useful  energy  given  out  by  the  machine  to  the 
whole  electric  energy  generated  is  termed  the  electric  efficiency.  Some  of  the 
energy  is  absorbed  in  the  interior,  so  that  the  useful  energy  of  the  exterior  circuit 
is  less  than  the  whole.  The  energy  yielded  per  second  measured  in  watts  is  for 
the  whole  circuit  c (amperes)  x e (volts),  and  for  the  exterior  circuit  c (amperes) 
X e (volts), 

Hence  the  electric  efficiency  = energy  _ c_£  _ ^ 

total  energy  c e e R + r 


But  the  total  energy  developed  in  the  machine,  both  useful  and  useless,  may  not 
be  equal  to  that  of  the  steam-engine  driving  it,  hence  we  must  distinguish 
between 


the  gross  efficiency  = 
and  the  nett  efficiency 


gross  electric  energy 
work  done  by  the  driving  engine’ 

useful  electric  energy 
work  done  by  the  driving  engine' 


If  the  horse-power  of  the  engine  per  second  is  w,  that  reduced  to  watts  is 
746  w ; hence 


and  therefore 


gross  efficiencv  = — 7 — , 
746  w 

nett  efficiency  = — , 
746  w 


nett  efficiency  _ gross  efficiency  x electric  efficienc}'. 


The  Series  Dynamo. — 


Here  also  e = « k n, 

rtistoncTj*  T?  i”  H ^ the  strength  of  current  c,  and  the  total 

Shane  of  the  ^ quality  of  the  iron  core  and  the  size  and 

^u«tl  Vr-"  ™ ">  "“t  the  point  of 

, . aries  as  c varies,  and  we  may  introduce  this  fact  into  the  equation 
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in  the  following  manner.  By  combining  the  equation  with  Ohm’s  law  we 
have,  if  r be  the  total  resistance  in  circuit, 

E « K N 


The  fact  that  the  effective  magnetism  or  strength  of  field  N alters  with  the 
function  is  expressed  by  writing. 

N = a function  of  c or  = /(c). 

And  as  — = > 

N R 

, . c « K 

therefore  -rr\  

/(c)  R 

tl 

Here  the  k is  constant  for  the  same  machine,  and  therefore  — is  a function 

R 

of  c.  If  we  could  determine  what  function  and  solve  the  equation  for  c, 

we  should,  of  course,  obtain  c on  one  side  of  the  equation  and  terms  involving 

n ^ 

- on  the  other.  That  is  to  say,  we  should  have  c as  a function  of  -•  There- 

R ^ R 

fore  the  strength  of  the  current  is  only  a function  of  the  ratio  of  the  number  of 

rotations  per  second  n to  the  total  resistance  R. 

We  now  have  three  equations  connecting  five  quantities : 

1.  Ohm’s  law  e = c r. 

2.  The  Magnetic  equation  e = « k n. 

n 

3.  The  current  equation  c = a function  of  — * 

Graphic  Diagrams. — In  order  to  estimate  the  efficiency  of  a machine 
the  best  means  is  to  plot  out  a diagram  of  measurements  on  squared  paper, 
i.e.  to  make  a graphical  representation  of  the  quantities  which  are  characteristic 
of  the  machine.  This  plan  can  be  adopted  whenever  there  are  two  quantities 
that  vary  together,  so  that  one  may  be  said  to  be  a function  of  the  other.  Now 
we  have  several  equations  which  furnish  us  with  such  quantities,  so  that  we  may 
draw  several  curves  for  any  machine.  We  might  for  instance,  plot  out  a curve 
on  the  basis  of  Ohm’s  law.  For  this  purpose  the  machine  would  have  to  be  set  in 
motion  and  regulated  so  that  it  rotates  with  a uniform  speed,  and  determinations 
would  have  to  be  made  for  a certain  number  of  revolutions.  The  resistance  in 
the  outer  circuit  may  be  increased  in  succession  by  half  an  ohm,  the  strength 
of  the  current  (c)  and  the  difference  of  potentials  (e)  for  the  same  speed  being 
measured  with  each  resistance.  A graphical  representation  for  the  variations  of 
potentials  is  thus  obtained  for  resistance  of  0-5,  i,  I’S,  2,  etc.,  ohms.  1 he  re- 
sistances are  marked  along  the  line  a x (Fig.  363),  and  the  potentials  on  the 
line  A y,  which  is  drawn  perpendicular  to  a x.  If  now  the  points  thus  plotted 
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out  be  joined,  as  shown  in  the  figure,  the  curve  a d will  represent  graphically  the 
potentials  for  different  resistances.  The  point  a has  been  determined  in  the  fol- 
lowing manner  : By  a resistance  of  o’5  ohm  and  the  desired  speed,  the  difference 
of  potentials  was  taken,  and  happened  to  be  i‘.  From  the  point  f in  the 
line  AY  a straight  line  (or  ordinate)  i-  a is  drawn,  and  from  point  0-5  in 
the  line  a x the  straight  line  or  abscissa  o’5  a is  drawn.  At  a,  where  the  two 


Fig.  363. — Diagrams  for  a Dynamo-Electric  Machine. 


lines  cut  each  other,  a point  of  the  curve  is  obtained.  The  other  points  of  the 
curve  are  plotted  from  the  observations  in  a similar  manner. 

There  are  three  other  curves  represented  in  the  figure,  having  for  abscissae 
in  all  cases  the  successive  resistances. 

Curve  i has  for  ordinates  strength  of  currents. 

Curve  V has  for  ordinates  the  external  resistances. 

Curve  i d has  for  ordinates  the  ratio  of  c to  e. 

I 

From  these  curves  the  efficiency  of  a dynamo-electric  machine  and  other  interest- 
ing properties  may  be  determined.  We  find,  for  instance,  a d has  its  maximum 
{i.e.  the  curve  has  the  highest  point)  when  the  external  resistance  (for  instance, 
the  inserted  lamps)  is  equal  to  half  the  total  resistance. 

Much  may  be  learnt  of  the  theory  of  machines  in  general,  as  well  as 
of  the  qualities  of  a particular  machine,  by  a study  of  two  of  these  curves 
together.  The  general  method  of  representing  the  theory  by  means  of 
graphic  diagrams  was  developed  by  Dr.  J.  Hopkinson,  and  has  been  worked  out 
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by  FiOhlich,  Ayrton  and  Perry,  and  others.  As  the  curves  are  drawn  from 
observation  and  actual  measurements,  they  serve  both  as  checks  and  illustrations 
o conclusions  arrived  at  by  means  of  mathematical  analysis,  and  have  led  to 
other  conclusions  which  are  not  to  be  obtained  by  other  means. 

Frbhhch’s  Current  Curve.— We  may  plot  out  a curve  in  connection 
with  each  of  the  equations  above,  by  taking  horizontal  distances  for  different 
values  of  one  of  the  two  quantities  involved,  and  vertical  distances  for  the 

corresponding  values  of  the  other  quantity.  When  we  do  this  with  c and  - 

. . R 

in  the  third  equation  we  obtain  FrohlidC s Curi’ent  Curve,  To  get  this  curve 


we  work  the  generator  under  investigation  at  as  many  different  rates  as  possible, 
inserting  varied  resistances  and  measuring  the  respective  quantities  of  current 

- 

We  then  determine  the  ratio  — for  each  value  of  c.  We  set  off  the  first  on 

R 

the  horizontal  line  of  reference,  and  the  second  c on  the  vertical  line  of 
reference  in  the  way  already  described. 

Now  the  current  curve  for  a good  machine,  such  as  the  Siemens  generators, 
takes  a form  such  as  that  in  Fig.  364.  For  the  portion  of  its  course  within 
the  limits  of  currents  of  medium  strength  it  is  nearly  a straight  line.  For 
this  portion  we  may  replace  the  current  curve  in  the  figure  by  the  line  a b, 
and  we  then  find  the  theory  of  the  machine  much  simplified. 

Let  c D = c, 

n 

O D = K 

and  o A = rt. 
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Now  — = the  tangent  of  angle  a.  Let  this  be  called  m.  Therefore 

A D 

C D = 

Therefore  c 

an  equation  which  will  be  true  for  currents  neither  very  weak  nor  very 
strong.  Now  a curious  result  follows  at  once  from  this.  As  long  as  «,  the 
number  of  rotations  per  second,  is  not  too  small,  there  will  be  a current  j but 

when  is  not  greater  than  a,  the  machine  does  no  work.  How  is  this  ? 

It  is  because  at  a low  speed  of  rotation  the  strength  of  current  produced 
appears  to  be  insufficient  to  increase  the  magnetisation  of  the  field  magnets 
beyond  the  residual  magnetisation. 

The  revolutions  the  generator  makes  during  the  “ start,”  and  during  which 
no  effective  current  is  generated,  are  called  “ dead  turns.”  Hence,  the  constant 
a determines  the  “ dead  turns  ” of  the  armature. 

The  current  curve  exhibits  the  qualities  of  a machine,  and  the  greater 
the  number  of  observations  plotted  to  draw  it,  the  more  exact  will  be  the 
record.  With  a current  curve  and  the  three  equations  above  referred  to,  all 
the  circumstances  of  the  action  can  be  determined. 

If  it  be  known  that  a machine  within  certain  limits  gives  a line  nearly  straight, 
then  it  is  sufficient  to  make  two  sets  of  observations  measuring  the  speed  and 
current  at  two  conditions  within  these  limits.  These  will  determine  two  points 
on  the  line,  and  give  us  the  tangent  of  its  inclination  m and  the  point  at 
which  it  cuts  the  horizontal  line  of  reference  or  the  length  a. 

Comparison  of  Magneto  Dynamos  and  Self-excited  Series 
Dynamos. — With  a magneto  dynamo  machine  the  strength  of  current  is 

n 

C = K N - . 

R 

With  a self-excited  dynamo  machine  it  is 

If  the  current  curves  be  drawn  for  both  machines,  c being  the  ordinate  and  - 

the  abscissa,  the  first  will  give  a straight  line  from  the  origin  o,  the  second  a 
straight  line  from  a point  a in  the  horizontal  axis  (Fig.  364).  The  current 
with  the  dynamo  will  grow  more  rapidly  than  that  of  the  magneto  machine,  as 
t e speed  increases,  and  the  lines  for  the  two  machines  will  therefore  intersect  • 

t at  is  to  say,  there  is  a speed  for  the  two  machines  at  which  they  give  equal 
currents.  ^ 

If  the  curves  showing  the  relation  between  the  strength  of  current  and  the 


= m A V — VI  {0  D - 0 a). 
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resistance  be  drawn  for  both  machines,  each  of  the  two  curves  will  resemble  that 
in  the  figure,  and  will  cut  each  other  at  that  resistance  for  which  both  machines 
give  the  same  strength  of  current.  The  curves  show  that  the  effect  of  the  “ dead 
turns  ” is  to  cause  the  self-excited  dynamo  to  be  much  more  sensitive  to  variations 
in  resistance  and  velocity  than  is  the  magneto  dynamo. 

Frohlich's  theory  makes  use,  as  a foundation,  of  the  so-called  current  curve 
which  represents  the  connection  between  the  current,  tlie  velocity  of  rotation  of 
the  armature,  and  the  resistance  of  the  circuit. 

Hopkinson  and  also  Deprez  start  from  a similar  curve  to  the  curve  d in  Fig. 
363,  and  which  the  latter  calls  the  “ characteristic  curve.” 

The  Characteristic  Curve. — Take  a dynamo  machine  and  magnetise  the 
field-magnets  by  a current  from  another  machine,  i.e.  let  it  be  separately  excited. 


Fig.  365. — Characteristic  Curves. 

Rotate  the  armature  at  a definite  speed,  and  measure  the  electromotive  force 
produced.  If  the  exciting  current  round  the  field-magnets  be  varied,  the 
strengths  of  the  magnetic  field  will  be  correspondingly  varied,  and  a given 
potential  difference  e at  the  terminals  of  the  armature  will  correspond  to  each 
intensity  c of  the  exciting  current.  During  these  changes  the  speed  of  rotation 
of  the  armature  is  supposed  to  be  constant.  If  we  now  plot  the  different  values 
of  c in  the  exciting  circuit,  and  e in  the  induced  circuit,  in  the  manner  already 
described,  a curve  termed  the  characteristic  curve  connecting  these  quantities 
will  be  obtained,  the  form  of  which  depends  on  the  construction  of  the 
machine. 

If  we  now  arrange  the  machine  as  a series  dynamo,  by  connecting  the 
armature  and  field-magnets  in  series,  then  we  obtain  the  characteristic  curve 
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under  the  condition  that  the  current  produced  is  the  same  as  that  which  excites 
the  field-magnets.  The  curve  a f d when  once  constructed  for  any  definite 
speed  enables  us  to  find  the  particular  value  of  the  current  represented  by 
A E,  which  corresponds  to  a given  p.d.  represented  by  e f. 

Elementary  Theory  of  the  Dynamo  Machine. — If  the  electromotive 
force  E and  the  strength  of  current  c are  known,  the  resistance  can  be  deter- 
mined by  Ohm’s  law  thus  from  the  curve  a G c in  Fig.  365  ; 

E G E 

E = C X R,  orR=— =:  — = tan  G a E. 

C A E 


Thus  the  total  resistance  is  expressed  by  the  tangent  of  an  angle  which  can  be 
graphically  constructed. 

In  a similar  manner  by  means  of  these  graphic  methods  all  problems  relating 
to  dynamo  machine  circuits  may  be  solved.  If,  for  example,  we  start  with  a 
definite  resistance  and  gradually  diminish  it,  the  line  a g,  the  inclination  of 
which  measures  the  resistance,  will  have  to  be  drawm  at  a gradually  diminishing 
inclination  to  o x,  in  the  direction  a c.  On  comparing  the  values  of  G e for 
different  positions  of  G,  it  will  be  seen  that  the  value  of  e at  first  increases 
rapidly,  then  more  slowly,  and  finally  remains  constant,  or  slightly  falls. 

If  we  now  increase  the  resistance  the  line  a g approaches  the  vertical  axis, 
and  will  cut  the  curve  nearer  and  nearer  the  origin  a,  and  at  the  position  a n 
will  be  a tangent  to  the  curve  at  the  origin.  With  the  resistance  in  circuit 
represented  by  this  limiting  position,  the  machines  will  not  produce  a current 
at  all. 

We  have  previously  considered  the  velocity  of  rotation  to  be  constant,  and 
the  characteristic  curve  thus  obtained  is  only  true  for  this  particular  velocity 
V.  In  order  to  obtain  a similar  curve  for  a velocity  it  is  only  .necessary 

to  multiply  the  vertical  distances  e by  % This  is  based  on  the  assumption,  which 

is  only  true  within  small  limits,  that  the  values  of  the  e.  m.  f.  are  proportional 
to  the  velocities.  If  we  know  the  characteristic  curve  for  a velocity  v and 
require  to  know  the  e.  m.  f.  e,  and  strength  of  current  c,  for  a definite  resistance 

R and  a velocity  we  proceed  thus  : Let  ^ = k,  then  e,  = k eand  therefore 

K C 

C = -.  c corresponding  to  the  resistance  r for  the  velocity  z;,  is  thus  obtained 


by  determining  the  strength  of  current  for  the  resistance  — in  the  curve  for  the 

K 

velocity  z/.  An  e.  m.  f.  e.  corresponding  to  this  current  c for  the  velocity  za 
nas  to  be  multiplied  by  k to  obtain  the  electromotive  fprce  e for  z;. 

A very  important  problem  is  the  determination  of  differences  of  potential 
between  any  two  parts  of  the  current  circuit  which  are  separated  from  each  other 

total  resistance  be  r,  and  the  resistance  of  the 
part  of  the  circuit,  the  difference  of  potential  of  which  is  to  be  determined,  be  r. 
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Draw  the  lines  a m and  a L so  that  the  tangent  of  max  and  the  tangent  of  ' 
LAX  represent  the  resistance  R and  r respectively.  Then 


M K = A K X tan  M A K = C X R. 

L K = A K X tan  L A K = c X r. 

M L = M K — L K = C (r  — r). 


According  to  Ohm’s  law,  c r is  the  potential  difference  between  the  two 
points  of  the  circuit,  which  are  separated  by  the  resistance  r,  and  is  the  e 
sought  for. 

If  tangent  l a k represents  the  internal  resistance  of  the  machine,  and  the 
total  resistance  be  varied,  then  m l will  represent  the  difference  of  potential  or 
p.  D.  between  the  terminals  of  the  machine. 

Another  important  graphic  diagram  is  formed  by  plotting  out  the  difference 
of  potential  between  one  bar  or  brush  of  the  current  collector,  and  each  of  the 


other  bars  or  brushes. 

The  Commutator  Curves. — In  a well-constructed  dynamo-electric 
machine  the  several  parts  are  traversed  by  currents  which  come  from  the  negative 
brush  and  traverse  the  two  divisions  of  the  winding,  and  meet  in  that  piece  of 
the  collector  which  touches  the  positive  brush.  Every  division  or  bobbin  of 
the  armature  adds  its  electromotive  force  to  that  of  the  preceding  one,  and 
therefore  strengthens  the  current  traversing  it.  If,  now,  the  potential  between 
the  negative  brush  and  the  succeeding  sections  of  the  collector  be  measured,  it 
will  be  found  that  it  increases  regularly  in  both  directions,  linearly  on  the 

collector,  and  attains  its  maximum  at  the  opposite  side, 
where  the  positive  brush  is.  This  can  be  proved  experi- 
mentally by  the  aid  of  a galvanometer,  one  pole  of  which 
is  attached  to  the  negative  brush,  while  a flexible  piece 
of  copper  is  attached  to  the  other  pole,  and  with  it  the 
several  radial  pieces  of  the  collector  are  touched  in  suc- 
cession. If  the  several  observed  differences  of  potential 
be  graphically  recorded  on  a drawing  of  the  periphery  of 
the  collector,  a diagram  like  that  given  in  Fig.  366  will 
be  obtained.  In  this  way  we  can  observe  the  regular 
growth  of  the  potential  from  the  lowest  point  of  the  circle, 
which  point  represents  the  negative  brush,  up  to  the 
maximum  of  the  positive  brush.  If  these  graphic  values 
are  represented  on  a straight  line,  which  will  be  equivalent  to  imagining 
the  periphery  of  the  collector  as  unrolled  upon  a plane,  the  diagram  repre- 
sented in  Fig.  367  will  be  obtained. 
This  shows  that  the  potential  does  not 
increase  regularly  between  the  neigh- 
bouring segments  ; if  it  did,  the  curves 
Fig.  367.-Horhont_^^^^  resolve  themselves  into  two 

straight  lines.  In  reality,  the  increase 
of  potential  proceeds  most  slowly  in  the  neighbourhood  of  the  two  brushes,  and 


Fig.  366. — Difference 
of.  Potentials  on  a 
Collector  of  a 
Gramme. 
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Fig.  368. — Potentials  with  a Collector  of  a 
badly  arranged  Dynamo. 


the  rate  of  increase  is  greatest  at  the  point  about  90°  from  the  brushes.  It  is  there 
where  the  bobbins  of  the  armature  pass  the  part  of  the  magnetic  field  which 
exerts  the  greatest  inductive  action.  If  the  magnetic  field  was  entirely  homo- 
geneous, the  number  of  lines  of  force  cut  by  the  bobbins  rotating  in  the  field 
would  be  proportional  to  the  sine  of  the  angle  which  the  plane  of  the  bobbin 
makes  with  the  direction  of  the  magnetic  lines  of  force.  This  is  nearly  the  case 
represented  in  Figs.  366  and  367. 

The  measurements  relating  to  the 
division  of  the  E.  M.  F.  at  the  collector 
are  of  great  practical  interest.  They  not 
only  show  where  the  brushes  should  be 
placed  in  order  to  gain  the  best  effect, 
but  enable  us  to  compare  the  efficiency 
of  the  bobbins  in  various  parts  of  the 
magnetic  field.  If  the  brushes  are  lo- 
cated at  the  wrong  place,  or  if  the  pole- 
pieces  of  the  field-magnets  have  a wrong 
shape,  the  rise  of  the  potentials  at  the 
collector  will  be  irregular,  and  maxima 
and  minima  will  be  observed  at  other 
points  than  those  where  the  brushes 
touch  the  collector.  An  actual  dia- 
gram of  the  relations  of  the  potentials 
at  the  collector  of  a machine  of  faulty 
construction  is  shown  in  Fig.  368.  It 
is  transferred  to  a horizontal  line  in 
Fig.  369.  By  these  it  is  to  be  seen 
that  the  division  of  potential  at  the 
collector  is  irregular,  and  so  much  so 
that  one  portion  of  the  collector  has  a 
greater  positive  potential  than  the  posi- 
tive brush,  and  another  portion  a greater 
negative  potential  than  the  negative 
E.  M.  F.  produced  by  the  machihe  is 


Fig.  369. — The  same  horizontally. 


Fig.  370. — Potential  Diagram  for  the  Brush 
Commutator. 


brush.  Therefore  one  portion  of  the 
destroyed  by  another  portion ; and  it 
would  be  possible  to  lead  off  another  current  by  another  pair  of  brushes  placed 
so  as  to  touch  at  these  points  of  maximum  and  minimum  potential. 

All  machines  with  collectors  and  simple  magnetic'  fields  should  give  curves  like 
the  one  in  Fig.  366.  The  Brush  machine,  however,  which  has  a simple  magnetic 
field,  but  a commutator  instead  of  a collector,  shows  an  entirely  different  dis- 
position of  the  potential.  Over  one-eighth  of  the  circumference  on  each  side  of 
the  points  of  contact  of  the  positive  brush  there  is  no  perceptible  difference  of 
potential ; all  points  have  the  same  potential,  which  is  that  of  the  brush  itself. 

e same  is  the  case  in  the  neighbourhood  of  the  negative  brush,  where  the 
potential  has  the  constant  value  due  to  this  brush.  Between  these  there  are 
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points  where  the  potential  becomes  smaller,  and  passing  through  zero  changes  ; 
its  signs.  This  is  shown  in  diagram  Fig.  370,  where  the  values  of  the  potential  i 
are  plotted  in  the  manner  already  described. 

Comparison  of  the  Series  and  Shunt  Machines.— When  the  resist- 
ance of  the  external  circuit  is  considerable,  the  strength  of  the  current,  accord- 
ing  to  Ohm’s  law,  will  be  weak ; and  as  the  machine  has  to  provide  the  electro- 
magnets  with  current,  the  feeble  current  will  only  give  a feeble  intensity  to  the  ■ 
magnetic  field.  We  may  say,  therefore,  that  the  current  suffers  two  reductions  ; 
for  every  increase  in  the  resistance ; one  because  of  the  resistance,  the  other  • 
because  the  first  fall  diminishes  the  intensity  of  the  field.  If  the  outer  resistance  ■ 
be  infinitely  large,  i.e.  the  outer  circuit  broken,  the  intensity  of  the  magnetic 
field  will  be  zero,  neglecting  the  residual  magnetism.  The  series  dynamo- 
machine  will  then  give  no  current,  even  when  the  armature  is  constantly  rotating. 
When,  on  the  contrary,  the  resistance  of  the  outer  circuit  is  only  very  small, 
as,  for  example,  when  it  is  that  of  a short  thick  copper  wire,  the  current  will 
attain  considerable  strength.  In  the  formula  given  above, 

« K N 


and  this  shows  that  c is  diminished,  both  by  increasing  r and  by  diminishing  n. 
c then,  in  a series  dynamo  machine,  is  very  sensitive  to  the  changes  of  resistance 
in  the  outer  circuit. 

The  above  conditions  hold  good  for  dynamo-electric  machines  in  which 
the  armature,  the  magnets,  and  the  outer  circuit  are  joined  in  series.  Such  an 
arrangement  is  shown  (Fig.  371)  for  a two-pole  machine.  This  arrangement 
has  certain  features  which  may  for  certain  purposes  be  very  troublesome.  If, 
for  instance,  the  machine  has  to  supply  arc  lamps  with  current,  the  carbons 
of  the  lamps  are  consumed,  and  the  gap  produced  makes  the  resistance  in  the 
outer  circuit  larger ; when,  now,  the  mechanism  for  adjusting  the  carbons  does 
not  work  very  accurately,  that  is,  does  not  move  the  carbons  towards  each  other 
at  a rate  proportionate  to  their  consumption,  the  greater  resistance  will  remain 
for  a longer  or  shorter  period,  and  thus  cause  a weakening  of  the  current.  This 
weakening  of  the  current  appears  just  at  a time  when  the  increase  of  current 
is  wanted,  to  overcome  the  greater  resistance  of  the  outer  circuit. 

Various  methods  have  been  tried  to  avoid  this  dependency  of  the  current  upon 
the  resistance.  One  of  these  is  to  give  double  coils  to  the  armature,  using  the 
currents  induced  in  one  group  for  field-magnets  only,  and  the  currents  induced 
in  the  other  group  in  the  outer  circuit.  Thus  a certain  number  of  bobbins  of 
the  armature  are  connected  with  the  electro-magnet  coils,  whilst  the  currents 
induced  in  the  remaining  bobbins  are  conducted  into  the  outer  circuit. 

But  instead  of  the  series  arrangement  just  referred  to,  we  may  excite  the 
magnets  by  a circuit  which  is  a shunt  on  the  outer  one.  This  shunt  arrangement 
is  shown  in  Fig.  372;  the  currents  divide  at  b,  one  branch  flows  through  the 
coils  of  the  magnets,  the  other  branch  flows  through  the  outer  circuit  to  where 
the  two  branches  unite  again  and  return  to  the  armature.  We  know  that  in 
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divided  conductors  the  strength  of  the  current  in  the  diiferent  branches  is  in- 
versely proportional  to  the  resistances  in  these  branches.  In  this  arrangement 
the  current  in  the  outer  circuit  will  depend  upon  the  proportional  resistance  of 
the  two  circuits.  When  the  resistance  in  the  outer  circuit  is  increased,  a larger 
portion  of  the  current  will  flow  into  the  coils  of  the  magnets ; when  the  resistance 
decreases,  the  current  in  the  coils  of  the  magnets  will  also  decrease.  If,  again, 
we  insert  a lamp  in  the  outer  circuit,  the  increased  resistance  of  this  lamp  will 


* MAIN 
^ CIRCUIT 

Fig-  371- — A Series  Dynamo. 


\^MAIN  CIRCUIT ^ 

Fig.  372- — A Shunt  Dynamo. 


also  increase  the  current  in  the  magnets.  Putting  the  field-magnets  in  shunt, 
therefore,  effects  a kind  of  current  regulation,  corresponding  to  the  wants  in 
the  outer  circuit.  As  in  the  case  of  the  series  generator,  we  may  express  these 
conditions  in  equations. 

Shunt  Dynamo  Machines.— In  investigating  the  working  conditions  of 
shunt  dynamos,  we  shall  use  the  following  symbols  : 

Let  R = the  resistance  of  the  external  main  circuit 
„ c = the  current  in  the  same. 

»>  the  resistance  of  the  armature. 

„ = the  current  in  the  same. 

„ = the  resistance  of  the  shunt 

>,  ^3  = the  current  in  the  same. 

),  E = the  total  E.  M.  F.  produced. 

» = the  p.  D.  between  the  terminals  b of  the  external  circuit 
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The  main  current  is  that  of  the  armature,  and  it  is  this  that  is  divided  into 
two  parts,  hence  ^3  = 0 + 


The  joint  resistance  of  external  circuit  and  magnet  coils  is  — - 


R + ri 


Hence  the  total  resistance  of  the  circuit  is 
fore  gives  us  the  three  following  equations  : 

In  the  whole  circuit  E = f -I . V 

V R + 


, and  Ohm’s  law  there- 


in the  outer  circuit  « = c R 
In  the  magnet  coils  e = 


Therefore  E 


) 


+ -+  I 


On  the  Value  of  R that  gives  a Maximum  Electric  Efficiency. — 

I.  Work  done  per  second  in  the  outer  circuit  is  c ^ or  c-R. 

II.  The  energy  wasted  in  heating  in  the  shunt  is  e or  clr^. 

III.  Similarly  the  energy  wasted  in  heating  in  the  armature  is  r„. 

Hence  the  electric  efficiency  or 

useful  work  I.  r 


total  work 


I.  -f  II.  -j-  III.  c®  R + c%  -f  ^2 


c R 


From  the  equations  <?  = c R,  and  e = we  have  — 

From  the  equation  c -f-  we  have 

c R + R 

^3  — C “h  — C. 

9 T T 

' s ' s 

Substituting  the  above  values  for  and  and  remarking  that  then  c®  cancels, 
we  obtain 

useful  work  R 


total  work 


R + — + 
r. 


^ (^s  + R)® 


I + 


R , + R)^ 


r~  R 


Now  this  quantity  will  be  a maximum  for  that  value  of  R that  will  make  the 
denominator  the  least  possible.  This  denominator  may  be  written  thus  : 


I +—+■;*-  + 5-+%,; 


^2  T* 

' s ' s 

or  by  writing  r for  + r^,  and  adding  and  subtracting- 
minator  in  question  becomes 


\/  rr. 


the  deno- 


1 + 2-—  + Rl^a 


r.  R 


+ 


rV 


+ 
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Now  the  part  of  this  expression  that  changes  when  r changes  is 


Whatever  R may  be,  this  portion  of  the  expression  is  positive  (for  every  squared 
quantity  is  always  positive),  and  therefore  the  above  denominator  is  the  least 
possible  when  this  quantity  is  zero,  that  is  to  say,  when 


-Jr  _ y 


or  R 


This  gives  for  the  efficiency 

I 

y ( y + y 0- 

I + 2 


If  be  very  small  compared  with  then  r is  but  little  more  than  and  in 
this  particular  case  the  value  of  R is  nearly  equal  to  the  geometrical  mean  of 
and  for 


R 


= ''s  \fv=  V 


Variation  of  Resistance  according  to  the  Purpose  served. — 
The  internal  resistance  of  a machine,  i.e,  the  resistance  of  the  wire  of  the  arma- 
ture and  the  electro-magnets,  must  be  determined  according  to  the  purpose  for 
which  the  machine  is  going  to  be  used.  Upon  it  depends  the  magnitude  Of  the 
induced  current.  When  the  internal  resistance  is  considerable,  currents  of  high 
voltage  are  obtained,  and  the  currents  in  the  outer  circuit  will  have  a high 
voltage  also,  and  may  be  employed,  for  instance,  for  feeding  a number  of  lamps 
put  in  series.  For  a short  conductor  and  a working  conductor  of  small  resist- 
ance, machines  of  a small  internal  resistance  are  used.  A certain  amount  of 
resistance,  however,  is  necessary  in  every  machine,  as  without  it  generation  of 
current  would  be  impossible,  for  we  must  have  current-carrying  conductors  to 
cut  the  lines  if  force  of  the  magnetic  field,  and  no  material  yet  discovered  is  a 
perfect  conductor,  i.e.  of  zero  electric  resistance  at  ordinary  temperatures.  In 
alternate-current  machines  the  internal  connections  of  the  various  parts  are 
simpler,  and  therefore  the  necessary  ohm  resistance  might  be  made  less.  Yet, 
in  many  ways,  continuous  current  generators  are  preferable  to  alternate  current 
machines.  In  constructing  machines  useless  resistances  ought  to  be  avoided  as 
much  as  possible,  as,  for  instance,  unproductive  wires  at  the  ends  of  the  Siemens 
drum ; these  ought  to  be  reduced  to  a minimum. 

The  Magnetic  Circuit. — We  may  now  return  to  the  formula  which  we 
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deduced  on  page  378  to  express  the  e.  m.  f.  of  a dynamo  machine.  In  absolute 
units  of  E.  M.  F.  this  was  found  to  be 

E = « K N, 

but  as  there  are  100,000,000  (=  10®)  absolute  units  in  one  volt  (see  page  231) 
the  E.  M.  F.  expressed  in  volts  is 

E « K N 


Of  the  three  factors  in  the  numerator  of  this  fraction,  «,  the  speed  in  revolutions 
per  second,  depends  on  the  engine  and  driving  gear  or  shafting,  and  by  proper 
modifications  of  these  can  be  made  to  have  any  value  within  reasonable  limits. 
In  what  follows  we  shall  therefore  regard  n as  already  fixed. 

The  second  factor,  k,  the  number  of  conductors  on  the  outside  of  the 
armature,  is  usually  determined  by  considering  the  maximum  load  in  amperes 
that  the  armature  is  intended  to  carry,  the  number  of  sections  on  the  commu- 
tator, the  voltage  required,  and  some  other  minor  points  to  which  we  need  not 
refer  in  detail. 

We  still  have  the  last  factor,  n,  to  consider.  This  in  a two-pole  machine 
represents  the  total  number  of  magnetic  lines  that  pass  through  the  armature 
from  one  pole  to  the  other,  and  the  question  now  before  us  is  to  determine  how 
we  can  calculate  the  magnetising  power  that  will  have  to  be  provided  in  the 
field-magnet  coils  to  give  us  the  number  of  lines  necessary  in  order  that  the 
particular  armature  at  the  given  speed  shall  develop  the  required  voltage  or 
E.  M.  F.  To  indicate  briefly  the  principles  underlying  this  .calculation  we  must 
consider  from  the  quantitative  side  the  laws  of  the  magnetic  circuit  and  the 
conditions  governing  its  reluctance  which  we  have  summarised  in  general  terms 

on  page  324.  ’ ...  ... 

In  many  respects  the  magnetic  circuit  is  analogous  to  the  electric  circuit. 
Thus  the  magnetic  lines  form  closed  curves,  or  are  in  closed  circuits,  as  are  the 
lines  of  flow  of  the  electric  current ; then  again  the  magnetic  lines  are  due  to  the 
existence  of  a certain  magnetising  cause  which  gives  rise  to  what  may  be  called  a 
magnetomotive  force,  analogous  to  the  E.  M.  F.  in  an  electric  circuit  Lastly,  the 
number  of  lines  (n)  which  a magnetomotive  force  (m.  m.  f.)  can  set  up  depends 
not  only  on  its  own  magnitude  but  on  the  reluctance  (\)  of  the  path  provided  for 
the  lines.  The  relation  between  these  quantities  is  expressed  by  an  equation 
similar  to  that  which  expresses  Ohm’s  law  for  the  electric  circuit,  viz. . 

Magnetomotive  Force 

Total  flux  of  magnetic  lines  = Reluctance  of  Circuit. ' 

or  in  symbols 

M.  M.  F. 


Where  the  magnetomotive  force  is  due  to  currents  circulating  in  solenoidal 
coils  wound  on  magnet  limbs  its  value  is  directly  proportional  to  the  current 
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flowing  in  the  coils  and  the  number  of  times  this  current  circulates  round  the 
cores  of  the  magnet ; in  other  words,  it  is  proportional  to  the  amperes  x the 
number  of  turns  of  the  windings,  or,  more  briefly,  the  ampere-turns.  The 
constant  factor  47r/io  (=  i‘2S7)  has  to  be  introduced  to  make  the  product 
correspond  with  the  other  units.  Thus  we  have 

Magnetomotive  force  = 1-257  x amperes  x number  of  turns  on  coil. 

If,  therefore,  we  know  the  number  of  magnetic  lines  (n)  required  and  the 
reluctance  (\)  of  the  circuit  we  can  determine  the  number  of  ampere-turns 
necessary,  and  thus  calculate  the  gauge  of  wire  required  to  be  wound  on  the 
magnet  coils  in  the  space  available. 

Unfortunately  the  calculation  of  the  reluctance  of  any  given  magnetic  circuit 
is  not  so  easy  as  Ae  corresponding  calculation  in  the  electric  circuits  which  we 
meet  with  in  practice.  This  is  due  to  two  causes — first,  the  pernieability  ^or 


magnetic  conductivity)  of  iron  is  not  a constant  quantity  but  varies  with  the 
density  of  the  magnetic  lines  in  the  iron,  and  secondly,  there  is  no  known 
maknal  which  wilt  mmlate  the  magnetic  lines  and  compel  them  to  flow  in 

matcnl‘’c™fi  “ f other  insulating 

■he  irofhm  .1  T rT"  c"  circuits.  Thus  not  only 

me  iron  but  also  the  whole  of  the  space  surrounding  our  magnets  is  permeable 

magnetic  lines  and  its  influence  must  be  taken  into  account  in  the  criculatio!. 

Not  only  does  the  permeability  of  iron  vary  in  the  same  specimen  as  the  iron 

perSiir'lTfsr'''f““““'‘‘'”  I"'  "‘f^^'-^P^imens  differ  widely  in 
determine  h a "^^essary,  before  any  calculation  can  be  made  to 

mine,  by  direct  experiment,  the  permeability  and  its  variation  unde,- 

rd;rm:^' Th^rf^m  P'°p“  - m 

^:/otes "roS AS  Tn^d- i^or-h^ 

.-mensofwroug^\o”n7^^^^^^^ 
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(fi.)  as  the  density  of  the  magnetic  lines  changes.  The  horizontal  scale  represents 
the  number  of  lines  (B)  per  square  centimetre  of  cross  section  passing  through 
the  iron,  and  the  vertical  scale  the  corresponding  permeability  or  multiplying 
power  of  the  iron  for  magnetic  lines.  It  may  be  noticed  in  passing  that  the 
permeability  of  the  cast  iron  becomes  very  small,  or,  in  other  words,  it  is 
practically  “ saturated  ” when  8,000  lines  per  square  centimetre  are  passing 
through  it,  whereas  the  corresponding  point  for  wrought  iron  is  not  reached 
until  B is  over  ^17,000.  This  is  in  accordance  with  previous  remarks  on  the 
magnetic  properties  of  iron. 

With  curves  like  those  just  given  we  are  in  a position  to  calculate  the 
reluctance  of  a simple  magnetic  circuit.  The  law  is  that  the  reluctance  is 
directly  proportional  to  the  length  (/)  and  inversely  proportional  to  the 
permeability  (fi)  and  the  cross  sectional  area  (a).  Thus  for  any  part  of  the 
circuit  of  uniform  cross  section  we  have 


where  the  value  of  yu  is  to  be  taken  from  the  curve  for  the  particular  case  con- 
sidered. In  air  and  non-magnetic  materials  [x  is  practically  = i.  If  now  the 
value  of  the  above  fraction  be  calculated  for  the  various  parts  of  the  circuit  and 
the  results  properly  combined  the  whole  reluctance  of  the  circuit  will  be  known. 
The  reader  will  be  enabled  to  judge  of  the  actual  magnitude  of  the  quantities 
involved  from  the  results  of  a calculation  made  by  Dr.  Silvanus  P.  Thompson* 
fora  lo-kilowatt  Phoenix  dynamo  of  the  type  shown  in  Fig.  320.  The  reluctances 
of  the  various  parts  of  the  magnetic  circuit,  as  well  as  the  values  of  B and  n,  and 
the  ampfere-turns  necessary  for  the  requisite  excitation  are  given  as  follows  : — 


c 

Parts  of  Magnetic  Current. 

B" 

Reluctance. 

Ampere- 

turns 

needed. 

o' 

*3 

0 

G 

a; 

1.  Armature  

2.  Gap  spaces  

3.  Magnet  limbs  

4.  Toke 

5.  Pole-pieces  

113,200 

24,720 

49.360 

32,000 

37,700 

19s 

I 

140 

42s 

291 

0 '000484 
0-001885 
0-000901 

O-OOOI4I 
, 0-000J2I 

1,196 

4,660 

2,227 

349 

299 

H 

Totals 

0-003532 

8,731 

0 

'a 

1.  Armature  * 

2.  Gap  spaces  

1,.  Magnet  limbs  

4.  Toke 

5.  Pole-pieces  

119,300 

26,060 

58,500 

40,530 

45,040 

75 

I 

80 

240 

190 

0-001260 

0-001885 

0-001576 

0-000248 

0-000185 

3.  "5 

4,660 

3,896 

615 

457 

Total 

0-005154 

I2,74< 

* See  “ Dynamo-Electric  Machinery,"  4th  edition,  p.  419. 
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In  this  table  the  density  (B")  of  the  lines  and  the  reluctance  are  given  in  inch 
units  instead  of  centimetre  units  as  being  more  useful  to  British  readers.  The 
calculation  also  allows  for  magnetic  leakage,  that  is,  for  the  fact  that  the  whole  of 
the  lines  set  up  in  the  magnet  cores  do  not  pass  through  the  armature. 

The  great  influence  of  the  non-magnetic  gaps  on  the  total  reluctance  of  the 
magnetic  circuit,  and  therefore  on  the  excitation  needed,  should  be  carefully 
noticed.  In  this  dynamo  the  gaps  from  the  iron  of  the  armature  to  the  iron  of 
the  pole-piece  were  only  f of  an  inch  wide,  and  in  this  small  distance  room  had 
to  be  found  for  the  copper  conductors  in  addition  to  the  necessary  mechanical 


Fig.  374. — Series  and  Short  Shunt  Fig.  375. — Series  and  Long  Shunt 

Compound-winding.  Compound-winding. 

clearance.  An  increase  of  this  width  by  only  -J-  of  an  inch  would  materially 
increase  the  total  reluctance,  and  thus  the  importance  of  good  mechanical 
workmanship,  by  which  the  clearance  is  reduced  to  a minimum,  becomes 
apparent. 

Regulation  by  Compound-winding. — This  method  of  regulating 
dynamos  under  various  conditions  of  load  has  been  fully  described  in  the 
historical  section,  pages  315  to  317.  In  inodern  continuous  current  machines 
intended  to  give  a constant  potential  difference  at  their  terminals  for  lighting 
glow  lamps,  it  has  been  carried  to  great  perfection,  so  much  so  that  a machine 
whose  full  load  is  hundreds  of  lamps  will  give  practically  the  same  p.  d.  from  no 
load  to  full  load.  The  method,  as  already  explained,  consists  in  winding  two 
circuits  on  the  field-magnet  cores,  and  in  Fig.  372  we  have  given  the  connections 
for  a Siemens  machine  of  the  old  type.  In  modern  dynamos  one  of  the  circuits 
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consisting  of  thick  wire  cores,  and  called  the  series  circuit,  carries  either  the 
whole  external  current,  as  in  Fig.  374,  whilst  the  fine  wire  or  shunt  circuit  is 
directly  joined  to  the  two  brushes.  Or  in  another  method  of  connection,  depicted 
in  Fig.  375,  the  series  circuit  carries  the  whole  armature  current,  and  the  shunt 
circuit  is  joined  to  the  terminals  of  the  machine.  The  first  of  these  methods  of 
connection  is  known  as  “ Series  and  Short  Shunt,”  and  the  second  as  Series  and 
Long  Shunt.” 

Some  of  the  considerations  involved  in  determining  how  many  ampere-turns 
are  to  be  assigned  to  the  “series”  and  “shunt”  circuits  respectively,  to  secure 
good  regulation,  are  excellently  illustrated  in  the  table  given  above  (page  394). 
It  will  be  noticed  that  the  results  of  two  distinct  calculations  are  set  forth.  In 
the  first  the  dynamo,  which  is  compound-wound,  is  running  with  no  current 
flowing  in  the  external  circuit,  the  only  current  drawn  from  the  armature  being 
that  required  by  the  shunt  coils  of  the  magnet  limbs.  The  excitaUon  given, 
8731  ampere-turns,  is  required  in  order  to  bring  the  p.  d.  at  the  terminals  up  to 
the  required  value  of  105  volts,  and  must  be  entirely  provided  by  the  shunt  coils. 
The  gauge  of  wire  and  the  windings  necessary  to  provide  this  excitation  can  be 

readily  calculated.  , 1 u a 

But  on  full  load  far  more  excitation  is  required,  as  shown  by  the  second 

calculation,  and  the  excess  must  be  provided  by  the  series  coils.  Two  chief 
causes  render  this  additional  excitation  necessary.  In  the  first  place  a greater 
E.  M.  F.  has  to  be  developed  because  of  the  extra  volts  lost  in  driving  the  full 
current  of  90  amperes  through  the  resistance  of  the  armature  and  series  magnet 
coils.  These  resistances  together  amount  to  -o6i  ohm,  and  therefore  absorb 
(•061  X 90  =)  5-49  volts.  But  a still  more  important  cause  is  the  demagnetising 
effect  of  the  armature,  considered  as  an  electro-magnet,  when  carrying  full 
current.  This  is  such  as  to  seriously  disturb  the  field  set  up  by  the  field- 
magnets,  and  extra  ampere-turns  have  to  be  added  to  bring  back  the  field  to  its 
proper  value.  In  this  particular  case  about  2,500  ampere-turns  are  so  needed. 

There  may  also  be  noticed  a curious  indirect  effect  of  the  mcre^e  of  e 
magnetic  lines  rendered  necessary  by  the  above  causes.  The  density  ( ,)  0 
lines  in  the  iron  parts  of  the  circuit  being  greater  m the  second  than 
first,  the  permeability,  71,  is  seriously  diminished,  as  an  inspection  ^ 

will  show,  and  thus  the  reluctance  is  increased,  and  with  it  the  necessary 

^™^Regulation  for  Constant  Current.— The  regulation  just  described  is 
employed  to  give  constant  potential  difference  at  the  terminals  of  dynamos  under 
Tde  variation  of  load,  but  it  has  not  proved  useful  for  maintaining  a 
current.,  such  as  is  required  in  some  systems  of  arc  lighting.  ^ or  . 

many  other  methods  have  been  proposed,  one  of  which,  used  with  the 
Houston  dynamo,  we  have  already  described  at  page  349-  . _ 

Another  very  successful  automatic  regulator  for  constant  current  is  th 
GeiperRegulatl,  used  by  the  Brush  Electrical  Englneermg  Company.  Ihe 
arrangement  of  the  apparatus  and  the  connections  are  shown  m Fig.  37  . 
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B are  the  positive  and  negative  terminals  of  the  Brush  dynamo,  which  will  be  found 
described  on  page  264,  and  a and  b are  binding  screws  connected  to  the  ends  of  its 
field-magnet  coils.  The  carbon  resistance  c is  joined  to  a and  b,  and  is  there- 
fore in  parallel  with  these  coils.  By  moving  the  lever  /,  the  contact  pressure, 


Fig-  376.— Brush-Geipel  Regulator  for  Constant  Current. 

the  rSr.  ^ I""™*"  The  lever  I is  moved  by 

currS  by  ‘he  relay  magnet  r.  The  external 

the  armature  nTf'”®  ‘’f ‘b®  P™?"  s‘«ngth  holds 
with  ,1  f •7“^  ‘ The  magnet  m is  wound 

in  the  no  1 ° “tid  s,  each  of  which  is  traversed  by  the  main  current 

et  the  normal  state  of  affairs  shown  in  the  diagram ; of  these!  y and  a each  has 
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the  same  number  of  turns,  but  is  wound  so  that  its  magnetising  action  assists 
whilst  the  magnetising  action  of  z is  in  the  opposite  direction.  Thus,  when 
D is  in  the  central  position,  the  main  current  traverses  the  three  coils  x,  y,  and  2, 
but  the  magnetising  effect  is  that  of  x only,  since  y and  2 mutually  cancel  one 
another.  But  if  the  main  current  becomes  too  strong,  D is  raised  against  the 
contact  d,  and  the  coil  2 is  short-circuited  and  loses  its  current,  leaving  x and 
y both  magnetising  m in  the  same  direction.  Consequently  the  armature  f is 
drawn  upwards,  the  carbon  blocks  are  compressed,  more  current  flows  through 
the  carbon  resistance,  and  less  through  the  field-magnet  colls  of  the  dynamo. 
The  dynamo  E.  M.  f.,  therefore,  diminishes,  and  the  main  current  falls  off  again 
to  its  normal  amount.  On  the  other  hand,  when  the  main  current  falls  below  its 
proper  value,  D drops  on  c,  and  the  coils  y are  short-circuited,  thus  losing  their 
current.  Consequently  the  magnet  m is  now  only  energised  by  the  difference  in 
the  ampere-turns  of  the  coils  a:  and  2,  and  its  armature  f falls  downwards  and 
the  pressure  on  the  carbon  blocks  is  diminished,  their  electrical  resistance  being 
therefore  increased.  Thus  less  current  flows  through  c and  more  through  the 
magnetising  coils  of  the  dynamo,  whose  e.  m.  f.  therefore  increases,  and  restores 
the  main  current  to  its  normal  value. 

Effects  of  Heating. — Every  conductor  having  electricity,  passing  through 
it  is  heated,  and  is  heated  the  more  (under  otherwise  equal  conditions)  the 
greater  the  resistance  of  the  conductor.  But  the  conversion  of  electric  energy 
into  heat  within  the  machine  means  loss  of  energy,  as  the  machine  is  intended 
to  return  the  equivalent  in  electric  energy  and  not  in  heat.  Heating  of  the 
machine  is  further  objectionable  because  it  injures  the  insulation.  The  frequent 
change  of  polarities  is  another  cause  of  the  production  of  heat ; we  know  even 
the  softest  iron  does  not  lose  its  magnetism  entirely  as  soon  as  the  inducing 
magnet  or  current  ceases  to  influence  it.  There  is  a coercive  force  resisting  the 
change.  As  the  machine  rotates  with  considerable  velocit)',  the  respective  pieces 
of  iron  will  still  have  traces  of  the  former  kind  of  magnetism  when  they  become 
oppositely  magnetised  : in  this  manner  the  iron  particles  are  in  constant  motion. 
Hence,  all  the  energy  is  not  converted  into  magnetism,  for  some  of  it  becomes 
heat.  The  heating  of  the  magnet  again  reacts,  by  causing  the  weakening  of  the 
magnet  also,  and  therefore  a diminution  of  e.  m.  f.  and  of  current  It  becomes 
desirable,  therefore,  to  prevent  this  heating  of  the  magnet  as  much  as 


^ The  generation  of  heat  in  Gramme’s  ring  and  Siemens’  cylinder  is  consider- 
ably reduced  by  the  gradual  magnetisation.  For  every  complete  revolution  of 
the  armature  a change  of  polarity  takes  place  twice ; yet  in  these  machines  the 
time  allowed  for  the  iron  to  change  its  polarity  is  “mute,  when  the  arma- 
ture has  1,006  revolutions  per  minute.  The  generation  of  heat  owing  ^ ^ 
rapid  change  of  polarity  has  been  reduced,  first  by  facilitating  the  rapi  ^ 
magnetisation  of  the  iron,  and  secondly,  by  using  iron  in  which  the  effec 
of  previous  magnetisations  are  small.  The  magnetic  memory,  as  it  were,  of  iron 
has  been  very  completely  investigated  during  the  last  few  years,  especial  > 7 
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Professor  Ewing,-  who  has  given  it  the  name  of  magnetic  hysteresis,  or  magnetic 
lag.  The  change  of  poles  is  facilitated  by  making  the  armature  not  of  one 
massive  piece,  but  of  several  pieces,  or  even  of  wires  or  plates.  Heating  m 
consequence  of  the  rapid  and  frequent  change  of  polarity  is  entirely  avoided  in 
such  machines  as  have  no  iron  in  the  armature,  as,  -for  instance,  the  Mordey 
Alternator  (Fig.  349),  and  in  the  uni-polar  machines,  in  which  no  change  of 
poles  and  no  change  in  the  direction  of  current  in  the  armature  takes  place, 
because  the  latter  always  moves  in  one  and  the  same  magnetic  field. 

A further  source  of  heat  are  the  Foucault’s  or  eddy  currents,  which  always 
arise  when  metals  move  in  magnetic  fields.  Heat  produced  in  this  way  increases 
with  the  size  of  the  machine.  This  inconvenience  may  be  remedied  by  means 
of  the  division  of  the  metallic  material,  which  will  to  a great  extent  obviate  the 
production  of  these  currents. 

Generation  of  heat  in  dynamo  machines  causes  loss  of  energy  during  con- 
version of  mechanical  work  into  electric  energy.  This,  however,  is  not  the 
only  source  of  loss.  The  nature  of  the  process  which  takes  place  in  these 
machines  is  very  complicated,  and  as  yet  not  fully  understood.  The  powerful 
currents  produced  by  the  machine  must,  for  instance,  affect  the  wires  through 
which  they  flow,  as  well  as  the  other  metallic  portions  of  the  machine,  and 
self-  and  secondary  induction  occur  to  disturb  the  working.  The  efficiency 
of  the  machine  will  thus  no  doubt  be  increased  one  way,  but  also  diminished 
in  another  way.  Thjs  currents,  for  instance,  which  surround  the  iron  cores  of 
the  armature  will  weaken  the  magnetism  of  the  iron  core,  and  this  is  the  chief 
cause  of  the  limit  with  which  the  increase  of  a current  meets  so  rapidly  when 
we  use  a dynamo-electric  machine.  These  obstacles,  due  to  secondary  induc- 
tion, increase  with  the  number  of  turns  in  the  coil,  and  with  the  speed,  because 
by  means  of  these  the  strength  of  the  current,  which  calls  the  secondary 
induction  into  existence,  is  also  increased.  Although  the  strength  of  the 
current  increases  far  more  rapidly  than  the  secondary  induction  produced 
by  it,  yet  the  latter  causes  a loss  of  energy  which  is  far  more  considerable  in 
alternate  current  machines,  and,  moreover,  the  continual  change  of  the  current 
produces  opposing  electromotive  forces  which  lower  the  output  of  the 
machine. 

Review  of  the  Relation  between  the  Practical  Units  of  Elec- 
tricity, Work,  and  Heat. — Further  sources  of  loss  are,  of  course,  the 
friction  of  the  parts  of  the  machine,  and  of  the  air  particles  which  oppose 
the  rotating  portions  of  the  machine,  etc.  etc.  To  judge,  therefore,  the 
efficiency  of  a machine,  we  must  know  what  percentage  of  electrical  energy 
it  will  return.  In  order,  then,  to  calculate  the  electrical  energy  from  the 
mechanical  work  expended,  we  require  certain  units.  The  units  used,  until 
a short  time  back,  were  more  or  less  arbitrary.  At  a meeting  of  electricians, 
held  in  Paris  in  1881,  an  absolute  system  was  agreed  upon,  the  basis  of  which 
is  the  centimetre,  gramme,  second  (c.  G.  s.  units).  The  relation  of  these  units 
to  one  another  is  explained  in  the  Appendix  to  Part  I.  on  page  227. 
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It  will  be  convenient  here,  however,  to  notice  several  additional  facts 
respecting  the  various  systems  of  derived  practical  units. 

In  the  metre-kilogramme-second  system,  with  the  weight  of  a kilogramme 
ns  the  unit  of  force,  the  unit  of  mass  will  be  the  kilogramme  divided  by  the 
acceleration  due  to  gravity,  or  9-81,  the  acceleration  being  9-81  metres  per 
second  in  a second.  The  unit  of  work  will  then  be  the  kilogramme-metre, 
which  is  equal  to  7-233  foot-pounds,  and  the  rate  of  working  the  kilogramme- 
metre  per  second.  75  kilogramme-metres  per  second  are  a French  “force  de 
cheval  ” equal  to  7,360,000,000  ergs  per  second.  In  the  English  foot-pound- 
second  system,  if  the  weight  of  a pound  be  the  unit  of  force,  the  unit  of  mass  is 
one  pound  divided  by  32-2.  The  unit  of  work  is  then  the  foot-pound,  and 
unit  rate  of  working  a horse-power,  which  is  550  foot-pounds  per  second,  or 
7,460,000,000  ergs  per  second. 

The  practical  units  of  electricity  already  mentioned  are  the  coulomb  for 
quantity,  ampere  for  strength  of  current  equal  to  the  flow  of  a coulomb  per  second, 
and  the  volt  for  e.  m.  f.  When  a quantity  of  electricity  measured  in  coulombs 
falls  from  a higher  to  a lower  potential,  the  work  which  is  done  is  represented 
by  the  number  of  coulombs,  multiplied  by  the  difference  in  volts.  Hence, 
the  rate  of  working  per  second  is  given  by  multiplying  the  number  of  amperes 
by  the  number  of  volts. 

I volt  X I ampere  = i watt. 


Hence,  a watt  is  the  rate  at  which  work  is  done  by  a current  of  one  ampere 
working  through  one  volt ; it  is  (or  -00134  of  a horse-power,  or  '7373  foot- 
pound per  second.  It  is  (or  -00136)  of  a cheval-vapeur,  and  -109  kilo- 
gramme-metres per  second. 

The  heat  which  will  raise  a gramme  of  water  1°  Centigrade  is  called  a 
calorie.  The  number  of  calories  developed  in  a circuit  is  equal  to  the  square 
of  the  current  in  amperes  multiplied  by  the  resistance  of  the  circuit  in  ohms, 
multiplied  by  the  time  in  seconds,  and  divided  by  Joule’s  equivalent. 

Hence,  a current  of  one  ampere,  in  working  through  one  volt,  develops 
in  the  circuit  an  amount  of  energy  (called  a joule)  in  one  second,  the  heating 

effect  of  which  is  equivalent  to  -238  calorie.  (Note  that  — ^ ~ = 4-2).  Hence, 

•238 

c-  (amperes)  r (ohms)  t (seconds)  x ’238)  = h (calories). 


or  in  watt  seconds. 


c2r/=ce/=h  (joules). 


We  obtain  the  electric  energy  of  current  in  kilogramme-metres  when  we 

divide  the  product  of  the  quantity  in  coulombs  and  the  e.  m.  f.  in  volts  by  9-81. 

Number  of  coulombs  x potential  in  volts  , •, 

? = kilogramme-metres. 

9-81 

The  strength  of  a current  we  have  measured  by  the  number  of  coulombs 
flowing  per  second.  One  ampere  is  a coulomb  per  second.  {^See  page  231.) 
Hence  the  work  done  per  second. 

Strength  of  current  in  amperes  x e.  m.  f.  in  volts  power  in  kilogramnie- 

9-81  metres  per  second. 
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If  the  effect  is  to  be  given  in  horse-power,  we  have  to  divide  by  746. 

Strength  of  c in  amperes  x e.  m.  f.  in  volts  _ horse-nower. 

746 

Results  of  Experience  bearing  on  the  Construction  of  Machines. 

There  are  a few  rules  with  regard  to  the  form  and  dimensions  of  parts  which  are 

based  on  experience.  Some  of  these  have  been  referred  to  from  time  to  time  in 
the  preceding  pages,  but  it  will,  perhaps,  be  useful  to  collect  the  more  important 
of  them  in  a brief  summary.  For  the  different  purposes  the  requirements  differ. 
The  section  of  the  wire,  for  instance,  will  depend  upon  what  strength  is  required 
for  the  current.  Round  electro-magnets  are  preferred  to  flat  ones,  because  the 
former  for  the  same  periphery  have  a greater  cross-section,  and  consequently  less 
reluctance.  The  magnets  ought  to  be  arranged  so  that  as  little  space  as  possible 
remains  to  be  filled  by  the  armature,  and  should  satisfy  the  following  conditions  : 
The  poles  of  the  magnets  should  be  arranged  so  that  there  are  few  useless  lines 
of  force ; that  is  to  say,  so  that  as  few  lines  of  force  as  possible  pass  from  pole  to 
pole  without  cutting  the  wires  intended  for  induction.  The  iron  core  of  the 
armature  must  approach  the  pole-pieces  of  the  magnet  as  near  as  possible.  The 
wires  of  the  rotating  bobbins  must  be  arranged  so  as  to  cut  the  lines  of  force,  as 
wire  which  does  not  do  so  is  not  only  useless,  but  increases  the  dead  resistance. 
It  has  already  been  mentioned  that,  in  order  to  prevent  Foucault’s  currents,  the 
iron  core  should  be  made  up  of  separate  parts  (wires,  discs,  etc.).  Great  care 
ought  to  be  taken  that  insulation  is  perfect  in  all  parts  of  the  machine.  Insula- 
tion ought  to  be  sufficiently  strong  to  bear  one  and  a half  times  the  potential 
difference  which  is  produced  when  either  clamp  is  placed  to  earth  (Uppenborn). 
The  parts  of  a machine  which  are  most  subject  to  wear  are  the  bearings  of  the 
shaft,  the  commutator,  and  the  rotating  portions  (armature  or  field-magnets). 
The  bearings  ought  to  be  wide,  properly  fastened,  easily  reached,  and  supplied 
with  lubricators.  The  commutator  is  corroded,  worn,  and  damaged,  by  genera- 
tion of  sparks  and  leakage  of  lubricants.  The  generation  of  sparks  occurs,  of 
course,  with  currents  which  have  a high  potential  (or  tension)  more  than  with 
currents  of  low  potential.  Other  things  being  equal,  the  means  of  diminishing 
the  generation  of  sparks  have  been  considered  in  the  description  of  the  several 
machines.  The  auxiliary  brushes  by  Edison,  alternating  coiling  of  the  armature 
wires  by  Weston,  etc.,  are  for  this  purpose,  but  a still  more  effective  cause  has 
been  the  proper  shaping  of  the  horns  of  the  pole-pieces.  When  the  oil  coming 
rom  the  lubricator  reaches  the  copper  segments  of  the  commutator,  the  electric 
sparks  effect  decomposition,  the  products  from  which  help  to  destroy  the  commu- 
tator  Again,  the  oil  itself  may  become  mixed  with  dust,  particles  of  metal  etc. 
which  will  injure  the  insulation  between  the  sectors.  Care  ought  to  be  taken’ 
then,  that  the  oil  from  the  lubricator  cannot  get  to  the  commutator.  The  com- 
mutator being  that  part  of  the  machine  soonest  worn  out,  those  machines  deserve 
preference  in  which  it  is  easy  to  replace  an  impaired  one.  Better  still  are  those 
machines  that  need  no  complicated  commutator,  like  the  machines  by  Ferraris. 
e rotating  coils  may  become  useless  by  having  their  insulation  spoiled 
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through  heating  or  other  causes,  or  their  wires  being  broken.  It  is  always  a 
recommendation  for  a machine  when  it  is  so  constructed  as  to  allow  of  an  easy 
and  quick  replacement  of  the  injured  parts— a matter  attended  to  in  most 
modern  dynamos.  In  machines  where  the  coils  are  separate  from  each  other, 
new  coils  are  easily  substituted  if  any  coils  are  accidentally  damaged.  If  these 
points  are  not  considered  in  the  construction  of  a machine,  it  becomes  necessary 
to  have  an  extra  or  a reserve  armature  with  the  machine,  whilst  in  the  cases 
referred  to  duplicates  are  required  only  for  such  parts  as  are  likely  to  suffer.  On 
the  whole,  however,  especially  on  board  men-of-war,  and  in  large  central  stations 
where  many  dynamos  are  running,  it  is  much  simpler,  and  leads  to  less  delay,  if  a 
spare  armature  be  available  to  take  the  place  of  the  damaged  one  while  under  repair. 

The  advantages  and  disadvantages  of  currents  of  high  and  low  potentials  are 
intimately  connected  with  the  different  purposes  the  electricity  has  to  serve,  and 
will  therefore  be  considered  later  on. 

Theory  of  large  Dynamos. — Finally  we  have  to  consider  whether 
for  very  powerful  currents  it  would  be  better  to  construct  generators  of  enormous 
dimensions,  or  to  combine  several  machines  to  furnish  the  desired  current.  At 
present  there  is  a conflict  of  opinion.  Prof.  Perry,  the  late  Mr.  J,  E.  H.  Gordon,* 
Mr.  Ferranti,  and  others,  think  machines  of  large  dimensions  ought  to  be  con- 
structed, whilst  others,  and  especially  some  English  and  German  electricians, 
think  the  size  of  machines  ought  not  to  be  pushed  too  far,  and  would  rather 
have  several  machines  coupled  together  in  the  form  of  batteries. 

The  connection  of  several  machines  in  one  circuit  requires  that  certain  con- 
ditions shall  be  taken  into  consideration.  Dynamo-electric  machines  are  like 
other  electrical  generators  with  two  poles,  and  may  be  joined  either  in  series 
or  parallel. 

With  all  electric  currents  that  do  work,  in  electric  motors,  electrolytic  baths, 
etc.,  a counter  e.  m.  f.  is  set  up  j the  maximum  activity  will  therefore  correspond 
with  a certain  proportion  between  the  e.  m.  f.  of  the  machine  and  the  counter 

* The  following  is  the  summary  of  Mr.  Gordon’s  arguments  in  favour  of  large  machines  : — 

“ It  is  found  experimentally,  and  can  be  proved  mathematically,  that  if  a coil  of  wire  forms  part 
of  a circuit,  and  an  alternating  E.  m.  f.  sends  a current  through  it,  the  current  will  be  much  less 
than  it  would  have  been  had  the  same  resistance  been  interposed  in  the  form  of  a straight  wire. 

“ Further,  the  proportional  diminution  becomes  greater  as  the  current  is  increased  by  the  reduc- 
tion of  the  resistance ; and  finally,  for  a given  E.  M.  F. , a given  rate  of  alteration,  and  a coil 
of  given  shape,  a lirpit  is  reached  beyond  which  even  reducing  the  resistance  to  zero  does  not  increase 
the  current. 

“ This  diminution,  however,  does  not,  to  the  best  of  my  belief,  waste  energy  or  diminish  the 
efficiency  of  the  machine  ; it  only  diminishes  its  output.  Thus  self-induction  increases  the  size  of  a 
machine  required  to  feed  a certain  number  of  lamps,  but  it  does  not  perceptibly  increase  the  horse- 
power required  to  drive  the  machine  with  that  number  of  lamps  on  it. 

‘ ‘ The  effect  of  self-induction  increases  as  the  current  increases,  and  therefore  short-circuiting 
a coil  of  an  alternating  machine  does  not  indefinitely  increase  the  current  in  that  coil,  and  seldom 
increases  it  enough  to  injure  the  insulation. 

“ The  tnie  secret  of  successful  regulation  is  to  have  very  large  dynamos,  because  then,  as  we 
have  said  before,  the  maximum  number  of  lamps  that  can  be  turned  out  at  one  time  is  a very  small 
percentage  of  the  whole,  and  when  there  are  a great  number  of  lamps  on  one  machine,  the  cost  per 
lamp  of  regulating,  either  by  hand  or  by  an  elaborate  mechanical  contrivance,  is  very  trifling." 


Combinations  of  Machines. 


403 


E.  M.  F.  thus  produced.  Experiments  by  Ferrini  confirm  the  theory  that  the 
maximum  activity  is  developed  when  the  proportion  is  = 2 : i ; that  is 

counter  e.  m.  f. _ J or  when  the  e.  m.  f.  of  the  machine  = 2 x the  back 

E.  M.  F.  of  machine  2’  ’ 

E.  M.  F.  Numerous  experiments  made  by  the  Austrian  engineer,  M.  Burstyn, 
with  Gramme  machines  of  different  types,  also  confirm  this  theory. 

Combinations  of  Series  Machines.— These  experiments  showed  that 
series-wound  Gramme  machines  are  constructed  so  as  to  answer  the  demands  of 
economy,  and  that  if  connected  with  each  other  they  may , be  joined  in  parallel, 
but  not  in  series.  The  mode  of  coupling  the  machines  is  a matter  of  great 
importance.  Gramme,  according  to  Burstyn,  was  the  first  to  show  how  this 
could  be  done  with  advantage.  In  Fig.  377  two  machines  i and  ii  are  put 
in  divided  circuit,  and  jg  are  the  armatures,  and  Cg  the  collectors,  with 


Fig.  377. — Combination  of  Two  Series  Machines. 


their  brushes  Bi  and  Bg,  from  which  wires  lead  to  the  binding  screws  Pj  Nj  and 
Pg  Ng.  El  and  Eg  are  the  wire  coils  of  the  electro-magnets,  and  l represents 
a lamp  inserted  in  the  circuit  of  both  machines.  At  a the  currents  of  both 
machines  meet,  and  pass  through  the  conductor  a to  the  lamp,  which  they 
leave  again  at  d.  The  current  is  again  divided  at  one  portion  flowing  back  to 
one  machine,  the  other  portion  back  to  the  other  machine.  The  direction 
of  current  will  be  as  follows  : 


+ Bi  El  ±-1, 


a c,  lamp,  d b 


-Ni  Bi  - 

'Na  Bg-’ 


Bl 

+ Bg  Eg  Pg' 

through  the  lamp,  therefore,  a current  flows,  which  is  the  sum  of  two  currents. 
If  the  E.  M.  F.  in  both  machines  be  equal,  no  matter  how  large  the  resistance 
in  the  lamp  may  become,  the  currents  of  both  machines  will  always  flow  through 
the  lamp  circuit  in  the  same  way.  When  contact  is  entirely  broken  at  l,  the 
E.  M.  F.  produced  by  the  two  generators  being  exactly  equal,  the  circuit  of  the 
machines  will  remain  current-less  even  when  the  armatures  are  kept  in  motion. 

If,  however,  the  e.  m.  f.’s  of  the  two  machines  are  not  equal  to  each  other,  and 
the  resistance  in  the  lamp  has  been  increased  beyond  a certain  limit,  a portion 
of  the  current  of  the  stronger  machine  will  flow  at  a into  the  weaker  machine, 
and  will  flow  through  its  coils  in  an  opposite  direction  to  the  direction  of  the 
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current  generated  by  it  j this  will  happen,  for  instance,  when  the  lamp  goes  out. 
If  now  the  two  machines  are  not  stopped,  the  machine  that  has  the  smaller 
E.  M.  F.  will  have  a current  flowing  in  an  opposite  direction  to  that  which  it 
generates,  equal  to  the  difference  of  the  e.  m.  f.’s  divided  by  the  resistance  in 
the  total  circuit. 

In  consequence  ot  this  differential  current,  the  electro-magnets  of  the 
weaker  machine  become  re-polarised,  and  the  current  induced  in  that  machine 
will  be  reversed,  i.e.  it  will  have  the  same  direction  as  the  current  from  the 
other  machine.  A current  now  will  flow  through  the  conductors  which  corre- 
sponds to  the  sum  of  the  e.  m.  f.’s  of  both  machines,  and  the  machines  are  now 
in  series.  If  the  machines  are  not  stopped  now,  they  will  become  heated;  as  they 
are  almost  short-circuited,  and  the  strength  of  the  current  will  have  been  increased 
enormously.  The  lamp  circuit  becomes  a branch  circuit,  which  receives  only 
that  portion  of  the  total  current  which  can  be  calculated  according  to  the  laws  of 
electric  circuits  already  explained.  To  obtain  the  normal  lighting  effect  the 
weaker  machine  would  have  to  be  again  reversed  back  again  to  the  polarity 
that  it  had  in  the  case  first  considered. 

As  two  series  machines,  producing  exactly  equal  e.  m.  f.’s,  are  difficult  if  not 
impossible  to  construct,  disturbances  of  greater  or  less  intensity  will  take  place 
whenever  two  machines  are  joined  in  parallel  in  the  same  circuit.  Gramme, 
however,  has  overcome  this  difficulty  in  a simple  manner.  All  the  coils  of  the 
electro-magnets  of  the  machines  which  are  to  be  joined  in  parallel  are  connected 
with  a brush  in  electric  communication  by  a short  wire  with  a terminal  screw, 
whilst  a second  brush  is  connected  by  means  of  a short  wire  with  a second 
terminal  screw.  If  two  such  machines  are  to  be  coupled  in  one  circuit,  the 
brushes  which  are  in  connection  with  the  coils  of  the  electro-magnets  are  joined, 
as  shown  in  Fig.  377,  by  the  line  x y.  If  now  the  e.  m.  f.  in  machine  i become 
greater  than  that  in  machine  ii,  the  potential  of  -|-  will  be  higher  than  that  of 
+ Bo  and  the  current  will  be  divided  into  Bj^  and  Bo  in  the  inverse  proportion 
to  the  resistances  in  the  divided  circuits  e^  e,  and  .a:  ; but  the  resistance  of 
the  coils  of  the  magnets  being  far  greater  than  that  of  x y,  the  first  branch 
will  have  only  a very  weak  current  flowing  through  it ; and  even  under  the  m.ost 
unfavourable  conditions  this  weak  current  would  never  be  able  to  reverse  the 
polarity  of  the  magnets.  With  the  wire  xy  joining,  then  the  potentials  of  -f  Bj 
and  -f  B,  cannot  long  remain  different. 

An  analogous  case  in  hydraulics  may  serve  to  make  this  action  plainer. 
Imagine  the  electrical  differences  of  potential  represented  by  the  pressure  upon 
liquids  and  the  circuit  formed  by  corresponding  pipes,  as  shown  in  Fig.  378. 
As  long  as  the  pressures  in  i and  ii  are  equal,  liquid  will  flow  from  both  vessels 
through  L,  with  a velocity  depending  on  the  resistance  in  the  tubes.  No  matter 
how  great  the  resistance  in  l may  become,  fluid  will  never  flow  from  i to  ii, 
or  vice  versa,  through  the  tubes  e^  and  Eg,  p;-ovided,  of  course,  the  resistances  in 
E^  and  E2  are  not  very  different  from  each  other.  When  no  fluid  passes  through 
pipe  L,  all  motion  in  the  whole  system  ceases  of  course. 
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If  now  the  pressure  in  ii  be  greater  than  in  i,  and  l offers  only  slight 
resistance, . liquid  will  flow  to  l from  both  vessels,  of  course  with  different 
velocity  j suppose  now  the  resistance  in  l to  become  so  great  as  to  allow  no  time 
for  the  balancing  of  the  two  different  pressures,  fluid  from  ii  must  flow  to  i 
through  Ej.  This  will  take  place  especially  when  L allows  no  fluid  to  pass 
at  all,  i.e.  when  contact  in  the  circuit  of  the  lamp  is  broken.  Equilibrium  will 
be  restored  by  means  of  Eg  and  Ej,  and  fluid  will  flow  through  e^  in  a direction 
opposite  to  the  pressure  in  i with  a velocity  corresponding  to  the  difference 
of  pressure  in  the  two  vessels.  Repolarisation  of  machine  i would  be  analogous 
to  alteration  of  the  negative  pressure  in  vessel  i,  so  as  to  make  it  equal  to  the 
pressure  in  ii.  In  this  case,  when  l is 
closed,  fluid  from  ii  to  i would  flow  through 
Eg  and  Ej.  If,  however,  the  two  vessels  are 
further  connected  by  means  of  the  wide  tube 
X y,  equilibrium  will  be  restored  through 
this  way,  and  consequently  no  fluid  will  flow 
through  Eg  and  Ej  to  reach  either  the  one 
or  the  other  vessel. 

For  want  of  attention  to  these  details 
very  unpleasant  results  occurred  at  the  first 
Edison  central  station  in  New  York,  which 
Edison  himself  describes  in  the  following 
manner:  “When  two  dynamos  for  the  first 

time  were  to  supply  current  for  about  2,000 
lamps,  it  was  found  impossible  to  obtain  a uniform  speed ; whenever  one 
machine  made  fewer  revolutions  than  the  other,  the  total  current  went  into 
the  more  slowly  rotating  machine,  which  became  thus  a kind  of  electromotor ; 
at  the  first  trial  this  phenomenon  was  very  startling,  and  might  have  easily 
led  to  sad  consequences.  When  the  second  generator  was  set  going,  first  one 
machine  and  then  the  other  machine  gave  sparks  resembling  lightning,  and 
one  machine  drove  the  other  by  turns.  One  of  the  engineers  present  cut  off 
the  steam  from  the  motor,  and  got  the  machine  rotated  with  the  same  speed  as 
before.  Pale  as  death,  he  rushed  up  to  me  and  asked  what  was  to  be  done. 
In  the  next  minute  about  eight  pounds  of  copper  were  melted  by  the  current, 
and  partly  volatilised.  If  all  the  six  projected  machines  had  been  used  I don’t 
know  what  might  have  happened.  However,  I soon  found  out  that  the  unequal 
speed  with  which  the  machines  rotated  was  the  cause,  and  I therefore  con- 
nected the  regulators  of  all  the  machines  with  each  other,  so  as  to  make  the 
same  number  of  revolutions  per  second.  This  alteration,  however,  required  at 
least  one  month,  and  as  many  of  our  customers  no  longer  burnt  gas  we  had 
to  do  the  best  we  could  with  a most  serious  diflSculty.  The  arrangements  made 
answered  very  well,  and  all  these  difficulties  are  now  overcome.” 

The  machines  just  referred  to  were  shunt-wound  dynamos,  which,  when  on 
constant  potential  mains,  always  have  their  field-magnets  excited  up  to  the  full 
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working  magnetisation.  Consequently,  if  the  speed  falls  a little,  causing  a 
reduction  of  the  e.  m".  f.,  the  p.  d.  of  the  mains,  due  to  the  other  machines,  may 
be  greater  than  the  e.  m.  f.  of  the  slower  machine.  A current  is  therefore  driven 
in  the  wrong  direction  through  the  armature,  and  the  machine  becomes  a motor 
absorbing  electric  energy  from  the  mains  instead  of  supplying  electric  energy  to 
them.  The  action  helps  the  engine  driving  the  slower  machine,  and  thus 
tends  to  correct  the  evil,  which  in  a carefully  attended  central  station  should  not, 
however,  arise. 

The  process  of  switching  a new  shunt-wound  machine  on  to  mains  already 
receiving  current  from  similar  machines  is  simple.  The  field-magnets  are  first 


379- — Coupling  of  Compound  Dynamos  in  Parallel. 


thrown  into  circuit  and  magnetised  up  to  the  proper  working  strength.  Mean- 
while the  armature  is  run  until  it  is  rotating  with  the  requisite  speed  and 
developing  the  full  e.  m.  f.,  when  it  is  thrown  into  circuit  without  any  trouble. 

Combinations  of  Compound  Dyamos. — With  compound-wound 
machines  the  method  to  be  followed  is  a little  more  complicated,  either  when, 
through  increase  of  load,  another  dynamo  is  required,  or  on  taking  out  a dynamo 
as  the  load  diminishes.  The  proper  method  was  first  pointed  out  by  Mr.  Mordey, 
and  is  shown  diagrammatically  in  Fig.  379.  TjTi  and  TaXg  are  the  terminals 
of  two  compound-wound  dynamos  supplying  constant  potential  mains  for  glow- 
lamp  lighting ; Aj  and  Ao  represent  the  armatures,  and  the  thick  and  fine  line 
spirals  are  intended  to  represent  respectively  the  series  and  shunt  circuits  of  the 
field-magnets.  Each  dynamo  has  a switch  s in  its  shunt  circuit,  and  another  in 
in  its  armature  circuit  between  the  brush  and  the  junction  with  the  shunt  circuit. 
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The  brushes  b^Bo  next  to  the  inner  ends  of  the  series  coils  can  also  be  connected 
by  a separate  conductor,  in  which  there  is  an  additional  switch  2. 

Now  suppose  the  machine  is  running  with  its  switches  Si  and  of  course 
closed,  and  it  is  required  to  bring  into  circuit  the  machine  Aj,  the  following 
is  the  method  of  procedure : — First  run  the  armature  A3  up  to  full  speed  and 
close  the  switches  jgand  0.  This  will  cause  the  field-magnets  to  be  excited  to 
full  strength  by  both  series  and  shunt  coils,  the  requisite  currents  being  supplied 
by  A^.  As  soon  as  the  full  magnetisation  is  developed,  the  armature  will  be 
found  to  be  generating  the  requisite  E,  m.  f.,  and  then  the  switch  may  be 
closed,  and  the  operation  is  complete.  In  taking  a machine  out  of  circuit  the 
contrary  cycle  of  operations  must  be  followed,  .the  switches  being  opened  in  the 
order  m.2,  z,  ^3,  after  which  the  machine  may  be  stopped. 

By  thus  connecting  both  ends  of  all  the  series  coils  in  parallel  it  becomes 
impossible  to  reverse  the  current  in  any  of  them,  a contingency  that  might  easily 
occur  if  the  conductor  and  its  switch  were  omitted.  The  evil  of  such  a 
reversal  is  evident,  as  the  series  coil  would  then  become  a demagnetising  coil, 
weakening  the  field-magnets,  and  therefore  lowering  the  E.  m.  f.  and  tending  to 
cause  a reversal  of  current  in  the  armature,  as  in  the  case  of  shunt  dynamos 
already  referred  to. 

Combinations  of  Alternators. — The  question  of  coupling  alternate 
current  dynamos  or  alternators  together  is  still  more  complicated.  It  is  at 
once  evident  that  for  two  alternators  to  run  together  they  must  either  have  the 
same  frequency,  i.e.  the  same  number  of  alternations  per  second,  or  that  the 
frequency  of  one  must  be  some  very  simple  multiple  of  the  frequency  of  the 
other.  Should  the  numbers  expressing  the  two  frequencies  be  incommensurable, 
or  bear  no  simple  relation  to  one  another,  then,  on  putting  the  machines  into 
circuit  with  each  other  the  two  e.  m.  f.’s  would  reach  their  successive  maxima 
at  different  intervals  of  time,  and  the  resultant  e.  m.  f.  produced  by  adding 
them  together  would  be  subject  to  violent  fluctuations  leading  to  serious  trouble. 
In  practice  the  first  case  cited  above— namely,  that  in  which  the  frequencies  are 
the  same— is  the  only  one  in  which  it  is  attempted  to  run  two  or  more  alterna- 
tors on  the  same  circuit.  Still  further,  in  most  cases  the  machines  have  not  only 
their  frequencies  equal,  but  also  are  machines  of  identical  build  and  pattern, 
though  this  latter  condition  is  not  absolutely  essential. 

But  even  supposing  the  machines  to  be  exactly  similar  and  to  be  running  at 
equal  speeds,  so  that  the  frequencies  are  the  same,  there  may  still  be  a difference 
between  them,  for  the  alternations  may  not  be  in  the  same  phase  (see  page  371). 
It  is  obvious  that  the  ordinary  distinction  of  positive  and  negative  terminals 
which  holds  with  continuous  current  dynamos,  does  not  apply  to  alternators,  since 
each  terminal  is  alternately  positive  and  negative,  and  changes  its  polarity  every 
second,  just  as  often  again  as  there  are  complete  alternations.  It  is  therefore 
evident  that  if  the  brushes  A;^  a (Fig.  380)  ^ of  one  machine  be  joined  hap- 
hazard to  the  brushes  b of  the  other,  the  circuit  p r / being  supposed  to  be 

* Taken  from  a paper  by  Dr.  John  Hopkinson. 
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removed,  it  may  happen  that  the  machines  are  at  the  moment  either  in  series  or 
parallel,  or  in  some  other  intermediate  relation  to  one  another.  For  instance,  if 
at  the  moment  of  junction  a and  d are  simultaneously  at  their  maximum  positive 
potential,  and  therefore  b and  a at  their  maximum  negative  potential,  the 
machines  are  coupled  in  series  with  one  another,  and  a full  current  will  flow 
round  the  circuit  k'&  b a.  On  the  other  hand,  if  a and  B are  simultaneously  at 
their  maximum  positive  potential  whilst  a and  b are  at  the  same  instant  at  their 
maximum  negative  potential,  the  machines  are  in  parallel,  and  no  current  can 
flow  round  the  circuit  a ^ b a.  Between  these  two  cases  all  kinds  of  inter- 
mediate phase  relations  can  exist  in  which  the  machines  are  never  either 
strictly  in  series  or  strictly  in  parallel. 

The  probleni  of  coupling  the  alternators  together,  therefore,  at  first  sight 
looks  somewhat  too  complicated  for  solution,  but  fortunately  the  interactions  of 


the  two  machines  are  such  as  conduce  to  mutual  regulation.  Both  mathemati- 
cally and  experimentally  it  can  be  shown  that  if  by  any  accident  the  machines 
happen  to  be  placed  in  series  with  one  another,  then,  although  the  condition  is 
one  of  equilibrium,  that  equilibrium  is  unstable.  In  other  words,  it  is  such  a 
state  of  equilibrium  that  if  it  be  disturbed  by  the  slightest  cause  the  mutual 
actions  and  reactions  do  not  tend  to  restore  it,  but  tend  to  still  further  intensify 
the  disturbance.  It  is  like  the  case  of  an  egg  balanced  on  its  small  end,  which, 
however  perfect  the  balance  may  be,  if  it  be  once  disturbed  it  cannot  be  restored 
by  the  gravitational  forces  acting  on  the  egg. 

The  explanation,  leaving  out  the  mathematics,  is  as  follows : — Suppose  the 
machines  to  be  running  in  series  and  in  perfect  synchronism  with  one  another 
for  a time  ; sooner  or  later  some  slight  cause,  such  as  the  slip  of  a belt  or  some- 
thing else  connected  with  the  working  of  the  driving  engine,  will  throw  one  of 
them  a little  behind  the  other  in  phase,  thus  putting  them  out  of  step  as  it  were. 
When  this  happens,  it  can  be  shown  that  the  lagging  machine  at  once  becomes 
more  heavily  loaded  than  the  other,  and  therefore  tends  to  lag  still  further.  Also 
this  heavier  loading  persists,  and  therefore  the  lag  (or  phase- difference)  goes  on 
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increasing  through  all  the  intermediate  phase  relations,  until  the  machines  are  in 
directly  opposite  phases  simultaneously,  in  which  case  they  are  really  in  parallel 
as  already  explained.  This  condition  is  again  one  of  equilibrium. 

Moreover,  it  can  be  shown,  that  if  whilst  running  in  parallel  one  of  the 
machines,  through  any  accidental  cause,  lags  a little  behind  the  other,  then  the 
mutual  actions  and  reactions  tend  to  bring  it  back  into  step  again.  For  in  this  case 
the  lagging  machine,  instead  of  becoming  more  heavily  loaded  than  the  other, 
becomes  more  lightly  loaded,  and  therefore  tends  to  again  catch  up  its  companion. 
Two  similar  alternators  in  parallel,  and  running  at  the  same  speed,  are  therefore 
in  stable  equilibrium,  and  the  combination  is  beautifully  self-regulating.  In  this 
case  both  ends  of  the  wire  a b (Fig.  380)  reach  their  positive  maximum  simulta- 
neously and  at  the  same  time  that  both  ends  oi  a b reach  their  negative  maximum. 
If  now  the  circuit  p r/  be  added,  it  will  draw  currents  from  both  machines, 
which  are  electrically  in  parallel  on  its  terminals  p p.  These  self-regulating 
phenomena  of  similar  alternators  were  first  pointed  out  and  investigated  by 
Dr.  John  Hopkinson  in  1883. 

From  the  above  it  might  be  thought  that  the  process  of  throwing  an  additional 
alternator  into  a circuit  already  supplied  with  alternate  currents  from  other 
machines  would  be  somewhat  as  follows ; — First  run  the  alternator  that  has  to 
be  switched  in  up  to  its  proper  speed,  and  excite  its  field-magnets'  with  the 
proper  exciting  current,  which,  it  will  be  remembered,  has  to  be  supplied  from  a 
continuous  current  dynamo  or  some  other  source  of  continuous  currents ; then, 
when  the  field-magnets  are  fully  excited,  simply  close  the  switches  which  place 
the  armature  of  the  alternator  on  to  the  mains.  In  practice,  however,  an  additional 
precaution  must  be  taken,  and  the  alternator  must  not  be  switched  in  until  it  is 
in  the  savie  phase  as  the  currents  in  the  mains.  If  it  is  out  of  phase,  or,  as  it  is 
usually  expressed,  not  in  step  when  switched  in,  then,  although  it  would  eventually 
get  into  step  by  means  of  the  electrical  actions  and  reactions  already  described, 
yet  during  the  time  that  this  adjustment  is  taking  place,  violent  fluctuations 
may  arise  which  may  cause  serious  trouble.  But  with  rapid  alternations  a very 
small  difference  in  the  time  at  which  the  e.  m.  f.  of  the  machine  reaches  its 
maximum  will  produce  a great  difference  in  the  phase.  For  suppose  the 
frequency  of  the  alternations  to  be  100  per  second,  a frequency  which  is  often 
exceeded  in  modern  alternators,  then,  if  the  maximum  is  reached  of  a 

second  too  soon  or  too  late,  the  phase  will  be  wrong  by  y^j-th  of  a full  period, 
which  would  be  a serious  difference.  But  such  a small  interval  of  time  could 
not  be  observed  directly,  and  therefore  phase  indicators  have  been  invented, 
which,  being  connected  both  to  the  mains  and  also  to  the  alternator  not  yet 
switched  into  circuit,  show  by  an  electrical  test  the  moment  when  the  phases 
are  the  same.  At  that  moment  the  extra  alternator  can  be  safely  thrown  into 
circuit.  Unfortunately  want  of  space  debars  us  from  giving  a full  description  of 
any  of  these  phase  indicators. 
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PRIMARY  BATTERIES. 

Although  the  dynamo  machine  is  par  excellence  the  most  economical  machine 
for  producing  electric  currents,  especially  in  those  cases  in  which  large  currents 
are  required,  yet  there  are  numerous  cases  in  the  technical  applications  of 
electricity  in  which,  for  many  reasons,  a dynamo  is  not  the  most  convenient 
generator  to  use.  Thus,  as  a source  of  current  in  small  telegraph  offices  in  the 
country,  and  for  medical  purposes  where  a public  supply  of  current  is  not 
available,  also  for  telephony  and  other  applications,  the  galvanic  cell  or  primary 
battery  is  still  extensively  employed.  We  propose,  therefore,  to  devote'  a few 
pages  to  the  description  of  some  of  the  primary  batteries  which  have  been 
designed  for  various  technical  purposes.  It  would  be  impossible  to  treat  this 
part  of  the  subject  .exhaustively,  for  the  number  of  primar)'  batteries  that  have 
been  patented  is  legion.  Fortunately  the  importance  of  the  subject  does  not 
require  such  exhaustive  treatment,  and  it  is  only  necessary  to  refer  to  those 
which  are  either  of  historical  interest,  or  have  become  widely  used,  or  have  some 
specially  interesting  distinguishing  feature. 

For  clearness  it  will  be  well  to  classify  the  various  batteries  in  some  way, 
and  several  systems  of  classification  might  be  adopted.  In  the  previous  editions 
of  this  book  a system  used  by  Cazin  in  his  work  on  “ Electric  or  Galvanic 
Batteries  ” was  employed,  and  though  this  system  is  perhaps  not  the  best  from 
a scientific  point  of  view,  still  it  is  a convenient  one,  and  we  shall  therefore 
adhere  to  it. 

We  have  already  dealt  with  the  principles  underlying  the  action  of  the 
“ Galvanic  Cell  ” in  the  first  section  of  the  book,  and  it  was  there  shown  that 
a galvanic  cell  is  an  apparatus  for  producing  electric  current  energy  from  the  energy 
of  chemical  separation.  A prominent  phenomenon  of  the  early  cells  was  the 
phenomenon  of  polarisation,  which  led  to  the  introduction  of  two-fluid  cells  as 
an  improvfement  on  the  one-fluid  cell  of  Volta.  Cazin  makes  this  the  basis  of 
his  classification,  which,  slightly  modified,  is  as  follows  : — 

. ( I ) One-fluid  cells  in  which  polarisation  occurs. 

(2)  One-fluid  cells  without  polarisation. 

(3)  Cells  with  two  fluids  whose  composition  is  not  altered  by  the 

chemical  actions  in  the  working  of  the  cell. 

(4)  Cells  with  two  fluids  which  undergo  chemical  change. 

ONE-FLUID  CELLS  IN  WHICH  POLARISATION  OCCURS. 

Volta’s  Cell.— To  this  group  belongs  the  voltaic  cell.  It  consists  of 
zinc  and  copper  plates  arranged  alternately,  and  immersed  in  salt  water  or 
acidulated  water.  Sulphuric  acid  diluted  with  sixteen  times  its  volume  of  water 
is  generally  used.  The  chemical  process  is  as  follows : Zinc,  in  presence  0 
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sulphuric  acid,  decomposes  water  into  its  elements,  namely,  hydrogen  and 
oxygen.  The  zinc  combines  with  the  oxygen  to  form  zinc  oxide,  which  unites 
with  the  sulphuric  acid  to  form  zinc  sulphate,  whilst  hydrogen  gas  escapes  at  the 
surface  of  the  copper  plate.  Negative  electricity  is  produced  at  the  zinc  plate 
and  positive  electricity  at  the  copper  plate  ; or  in  other  words,  there  is  a difference 
of  potential  between  the  two  plates,  the  potential  of  the  copper  being  higher 
than  that  of  the  zinc. 

We  have  already  pointed  out  (Part  I.,  page  no)  that  polarisation  takes  place 
in  the  voltaic  cell,  i.e.  an  e.  m.  f.  is  produced  which  is  opposed  to  the  e.  m.  f. 
of  the  cell,  as  the  liquid,  Avhich  consisted  originally  of  diluted  sulphuric  acid, 
becomes  mixed  with  zinc  sulphate,  or  is  entirely  displaced  by  it,  and  the  copper 


becomes  coated  with  hydrogen  gas.  Therefore  this  cell  does  not  give  a constant 
current,  and  is  consequently  of  little  use  for  practical  purposes. 

The  principal  modifications  of  the  voltaic  pile  in  use  have  been  already 
mentioned,  with  the  exception  of  one  used  in  medicine,  viz.  Pulvermacher’s 
chain,  represented  in  Fig.  381.  Each  cell  of  this  battery  consists  of  a hollow 
zinc  cylinder  about  an  inch  long,  and  o'i6  inch  in  diameter.  Xylonite  rings  are 
sprung  on  the  ends  to  insulate  it  from  a surrounding  copper  cylinder,  which  is 
about  0-3  inch  in  external  diameter,  and  is  perforated  with  saw  cuts.  The 
copper  cylinder  has  extensions  at  its  ends  which  bend  round  and  make  contact 
with  the  next  cell  by  clipping  the  zinc  of  that  cell,  as  shown  in  a few  cells  re- 
presented on  an  enlarged  scale  below.  In  this  way  a chain  is  built  up  which 
forms  a battery  with  the  cells  in  series.  As  a rule  50  zinc  and  copper  couples  are 
so  joined,  and  provided  at  the  ends  with  connecting  swivels  by  which  two  or  more 
sets  can  be  quickly  connected  together.  Terminal  electrodes  are  also  provided 
for  use  in  certain  cases.  The  chain  is  passed  through  vinegar  (a  weak  acid), 
which  is  held  in  the  space  between  the  cylinder  of  each  cell  by  capillary  action. 

The  desire  to  improve  the  voltaic  pile  led  to  many  alterations,  the  most 
important  of  which  we  will  now  consider.  By  using  amalgamated  zinc  instead 
of  commercial  zinc  only,  great  improvement  was  made.  Sturgeon,  in  1830, 
seems  to  have  been  the  first  to  make  practical  use  of  it,  although  it  was  known 
to  Kemp  in  1828  that  amalgamated  zinc  would  not  decompose  acidulated 
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water.  It  is  well  known  to  chemists  that  pure  zinc  does  not  decompose  acidu- 
lated water  when  immersed  in  it,  but  its  production  would  be  too  expensive  to 
enable  us  to  use  it  for  galvanic  batteries.  The  zinc  generally  used  is  mixed  with 
other  metals,  and  the  presence  of  these  impurities  causes  the  formation  of  a 
number  of  separate  galvanic  couples  on  its  surface.  Whenever  such  a plate  of 
commercial  zinc  is  immersed  in  acidulated  water,  a decomposition  of  the  water 
and  solution  of  zinc  will  take  place,  even  when  the  cell  is  not  closed,  which 
means  a loss  of  zinc  during  a period  when  the  battery  does  not  work.  Amalga- 
mated zinc  behaves  like  chemically  pure  zinc. 

In  order  to  prevent  polarisation,  or  diminish  it  as  much  as  possible,  other 
fluids  were  proposed  instead  of  dilute  sulphuric  acid.  Polarisation,  for  instance* 
is  considerably  diminished  by  adding  a few  drops  of  nitric  acid.  The  hydrogen 
reduces  the  acid  to  ammonia  by  combining  with  its  nitrogen,  and  compounds 
of  ammonia  are  formed  which  have  little  or  no  effect  on  the  resistance  and  the 
E.  M.  F.  of  the  battery.  By  using  copper  sulphate  to  avoid  polarisation  the 
copper  is  deposited  upon  the  zinc  plate  and  thus  diminishes  its  surface ; and 
zinc  is  dissolved  when  the  element  is  not  closed,  the  effect  being  due  to  the 
formation  of  minute  galvanic  couples  of  the  copper  particles  with  the  zinc. 

By  using  chromic  acid  the  e.  m.  f.  is  increased  and  polarisation  diminished, 
the  O of  the  acid  combining  with  the  H set  free  from  the  water.  Polarisation 
is  not,  however,  entirely  avoided  by  this  means ; and,  besides,  the  acid  is  too 
expensive.  Fechner  (1831)  prepared  the  positive  plate  by  coating  that  side 
of  the  copper  plate  facing  the  zinc,  plate  with  either  cupric  chloride  or  copper 
sulphate.  By  using  a plate  thus  prepared,  the^  coating  is  dissolved  by  degrees 
and  the  rough  surface  of  the  copper  plate  is  exposed.  The  irregularities  of  the 
surface  of  the  plate  prevent  the  hydrogen  bubbles  from  adhering  to  the  surface, 
and  thus  diminish  polarisation.  Bagration  (1844)  used  for  his  cells  similarly 
prepared  copper  plates  and  flower-pots  filled  with  earth,  which  was  saturated 
with  a solution  of  sal-ammoniac.  His  battery  gave  a constant  but  very  feeble 
current. 

The  next  step  in  the  improvement  of  the  voltaic  cell  was  to  find  a 
substitute  for  the  expensive  copper.  Carbon  was  chosen,  although  by  using 
it  the  resistance  in  the  cell  is  increased ; polarisation  is,  however,  diminished, 
because  hydrogen  and  zinc  salts  are  not  so  easily  separated  at  the  carbon  plate. 
Helm  (Miihlhausen)  obtained  satisfactory  results  with  a cell  consisting  of 
carbon  cylinders  and  zinc  cylinders  in  a solution  of  alum,  with  sodium  chloride 
added  to  the  liquid  to  improve  the  conductivity.  Sixteen  such  cells  were 
employed  to  supply  twenty  electric  clocks  with  a current ; to  obtain  uniformity 
in  the  system,  two  cells  were  refilled  every  week.  Frequent  attempts  have 
been  made  to  replace  the  copper  by  iron,  because  by  so  doing  not  only  would 
the  cost  be  reduced,  but  also  the  polarisation.  A modification  of  the  Smee 
cell  is  shown  in  Fig.  382,  constructed  by  Tyer.  Pieces  of  zinc  are  placed 
at  the  bottom  of  the  glass  vessel,  and  mercury  is  poured  upon  them  so  as  to 
produce  contact.  A platinised  silver  plate,  resting  with  its  lead  frame  upon  the 
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edges  of  the  glass,  is  arranged  as  shown  in  the  figure.  A mixture  of  sulphuric 
acid  and  water  in  proportion  of  one  to  twenty  is  used.  The  cells  are  joined  by 
means  of  leaden  balls  which  dip 
into  the  mercury,  and  are  con- 
nected by  means  of  copper  wires 
to  the  binding  screws  of  the  plati- 
nised silver  plates.  Baron  Ebner 
used,  instead  of  a platinised  silver 
plate,  a platinised  lead  plate,  which 
lowered  the  cost,  but  lowered  also 
the  E.  M.  F.  To  avoid  having  the 
plates  coated  with  hydrogen,  Mais- 
tre  constructed  a cell  in  which 
the  electrode  is  kept  constantly  in 
motion,  either  by  the  hand  or  by  Fig.  382.--Tyer’s  Form  of  the  Smee  Cell, 
clock-work.  When  the  plates  be- 
come coated  with  hydrogen  they  are  lifted  out  of  the  liquid,  and  the  hydrogen 
is  thus  allowed  to  escape.  According  to  Maistre’s  statement,  the  current  be- 
comes fairly  constant,  and  is  greater  than  that  of  a Daniell’s  cell. 


ONE-FLUID  CELLS  WITHOUT  POLARISATION. 

De  la  Rue’s  Battery. — If  we  allow  the  generation  of  hydrogen  in 
cells  of  one  fluid,  it  is  impossible  to  avoid  polarisation,  although  it  may 
be  reduced  by  using  different  means  to  detach  the  gas  from  the  electrode. 
Better  results,  however,  are  obtained  when  care  is  taken  that  the  hydrogen  at  the 
moment  of  its  liberation  is  made  to  combine  chemically  with  some  other  sub- 
stance. The  more  perfect  this  combination,  the  more  completely  will  polarisation 
be  avoided.  Both  solids  and  fluids  are  used  to  combine  with  the  hydrogen. 
The  solids  used  to  prevent  polarisation  are  certain  salts  of  lead  and  mercury. 
Becquerel  constructed  (1846)  a battery,  using  lead  sulphate;  and  De  la  Rue 
was  the  first  to  propose  lead'  peroxide  for  avoiding  polarisation.  ^Warren  de 
la  Rue  and  Muller  (1868)  used  a cell  suggested  by  Mari^  Davy  (i860), 
as  a practical  and  convenient  form  for  causing  depolarisation  by  means  of  silver 
chloride.  In  the  original  form  the  cell  consisted  of  an  unamalgamated 
zinc  rod,  and  a silver  wire  surrounded  by  silver  chloride,  which  were  both 
immersed  in  a solution  of  ordinary  salt.  The  silver  chloride  became  reduced 
to  silver,  the  chlorine  uniting  with  the  zinc  at  the  same  tinie  to  form  zinc 
chloride.  The  reduced  silver  is  a spongy  mass,  which  allows  the  liquid  to 
penetrate  to  the  interior  of  the  silver  chloride  cylinder.  Owing  to  this,  the 
cell  remains  active  until  the  whole  of  the  silver  chloride  is  reduced.  The  cell 
has  been  modified  as  follows : The  form  of  the  outer  vessel  is  cylindrical,  and 

it  is  filled  with  ammonia  solution,  into  which  an  unamalgamated  zinc  rod  and  a 
Cylinder  of  chloride  of  silver  dip.  The  latter  is  covered  with  parchment.  The 
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silver  strip  fused  into  the  chloride  of  silver  cylinder  pierces  the  parchment  several 
times,  to  keep  it  in  position  on  the  one  hand,  and  to  facilitate  the  starting  of  the 
current  on  the  other.  The  vessel  is  closed  by  a plug  of  paraffin.  The  current 
which  the  new  cell  furnishes  is  very  feeble  at  first,  owing  to  the  small  surface 
of  the  silver  electrode  j but  after  the  cell  has  been  in  use  for  a short  time, 
the  reduced  silver  of  the  silver  chloride  forms  a larger  surface,  and  the  current 
soon  attains  its  normal  strength.  The  results  which  Warren  de  la  Rue  obtained 
are  as  follows  : his  battery  generated  in  the  voltameter 

On  the  29th  June,  1875,  ^ cubic  metre  of  gas  per  minute. 

I.  4th  July,  ,,  i'4  ■ „ „ 

,,  27th  Oct.,  ,,  I '4  ,,  ,, 

„ 15th  March,  1876,  1-45  ,,  „ 

„ 8th  April,  „ 1-41  „ 

Warren  de  la  Rue  constructed  batteries  containing  as  many  as  11,000 
cells,  arranged  in  sets  of  ten  cells  contained  in  vulcanite  supports,  as  shown 


Fig-  383.— Warren  de  la  Rue’s  Battery.  Fig.  384.— The  Gaiffe  Cell. 

in  Fig.  383.  The  e.  m.  f.  of  a chloride  of  silver  cell  of  the  old  form,  with 
ordinary  salt,  is  0-97  ; and  the  e,  m.  f.  of  the  modified  form  with  ammonia  salt, 
I -03  of  that  of  a Daniell’s  cell ; and  the  resistance  = 4-2  ohms. 

Pincus  constructed  a silver  chloride  battery  for  medical  purposes,  independent 
of  Warren  de  la  Rue.  Gaiffe  made  the  vessel  of  his  battery,  also  intended  for 
medical  purposes,  of  ebonite ; a lid  is  screwed  to  the  top  of  the  vessel  so  as 
to  make  it  air-tight.  The  two  electrodes  are  fastened  to  the  lid,  as  shown 
in  Fig.  384,  and  consist  of  a zinc  rod  and  a fused  silver  chloride  cylinder.  The 
latter,  forming  the  negative  electrode,  is  placed  in  a copper  vessel  covered 
with  linen.  The  electrodes  are  kept  in  position  by  the  indiarubber  rings  i k. 
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and  the  pieces  of  caoutchouc  r t,  which  are  placed  between  them.  The  cell 
must  not  be  upset,  because  by  wetting  the  lid  it  becomes  short-circuited.  Gaiffe 
prevented  this  by  putting  several  layers  of  filter  paper,  wetted  with  a solution  of 
zinc  chloride,  between  the  electrodes  instead  of  the  liquid. 

Of  the  solid  bodies  which  have  been  used  for  the  prevention  of  polarisation, 
manganese  dioxide  has  been  most  extensively  used.  De  la  Rue  recommended 
its  use,  but  the  idea  was  practically  worked  out  by  Leclanche. 

Leclanch^’s  Cell. — Leclanche  improved  upon  the  manganese  peroxide 
element,  and  Fig.  385  represents  one  of  the  forms  which  he  gave  it.  The 
four-sided  form  is  preferred  to  the  round,  because  in 
this  manner,  when  a number  are  placed  together  to 
form  a battery,  the  space  is  more  completely  utilised. 

The  glass  vessel  has  a porous  cell  of  cylindrical  shape, 
the  diameter  of  which  is  such  as  almost  to  fill  the 
space  in  the  glass  vessel.  The  zinc  rod  is  placed  as 
shown  in  the  figure.  This  arrangement  is  to  prevent 
the  evaporation  of  the  fluid  as  much  as  possible.  The 
porous  cell  has  a carbon  block  surrounded  by  a mix- 
ture of  small  pieces  of  carbon  and  manganese  di- 
oxide, the  top  being  covered  by  means  of  pitch, 
leaving  one  small  hole  so  as  to  allow  air  to  pass 
through.  The  glass  vessel  is  half  filled  with  a strong 
solution  of  ammonia  chloride  (sal-ammoniac).  A 
leaden  cap  carrying  a binding  screw  is  attached  to  the 
top  of  each  block  of  carbon  in  order  to  obtain  a good 
contact.  A zinc  rod  is  better  than  a zinc  cylinder, 
because  the  carbon  electrode  has,  in  regard  to  the 
size  of  its  surface,  considerable  ascendency;  which 

has  much  to  do  with  the  prevention  of  polarisation.  The  zinc  rod  ought  neither 
to  be  cast  nor  wrought,  but  drawn  out ; the  reason  for  this  lies  in  the  different 
properties  of  the  three  kinds.  Through  casting  zinc  becomes  crystalline,  brittle, 
and  not  homogeneous  in  structure.  Owing  to  the  porous  condition,  the  zinc 
surface  would  unnecessarily  be  increased,  which  would  hasten  the  solution 
of  the  zinc ; besides  cast  zinc  is  never  pure,  but  contains  small  quantities  of 
many  other  metals,  such  as  lead,  etc.  It  has  been  mentioned  that  these 
metals  form  minute  galvanic  couples  with  the  zinc  as  soon  as  it  is  dipped  into 
a fluid,  and  thus  considerably  aid  the  useless  solution  of  the  zinc.  Wrought 
zinc  would  have  nearly  the  same  properties,  although  zinc,  when  wrought, 
has  to  be  purer  to  stand  the  process;  however,  the  best  material  is  zinc  which 
has  been  drawn  out.  Leclanche  uses  amalgamated  zinc  rods,  so  as  to  obtain 
a uniform  wearing-out  of  the  electrode.  If  the  wear  be  not  uniform,  rough 
places  would  be  produced  which  would  facilitate  the  formation  of  crystals, 
and  would  not  only  increase  the  resistance  of  the  cells,  but  also  diminish 

sur  ace  o t e electrode.  The  negative  electrode,  too,  requires  attention 


— Leclanche’.s 
Cell. 
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with  regard  to  certain  conditions.  It  has  been  mentioned  that  for  filling  the 
porous  pot  every  manganese  ore  cannot  be  used,  but  only  that  modification 
known  under  the  name  of  pyrolusite  (peroxide  of  manganese),  which  alone 
possesses  the  conductivity  required.  Both  the  carbon  and  pyrolusite  ought 
to  be  rough-grained,  but  to  powder  them  would  increase  the  resistance. 
Experiments  by  Beetz  showed  that  powdered  carbon  under  any  conditions 
gave  unsatisfactory  results.  Polarisation  is  avoided  best  by  using  big  grains 
of  carbon  and  powdered  pyrolusite,  because  then  the  hydrogen  meets  the  pyro- 
lusite  at  every  point  polarised,  which  is  not  always  the  case  when  large  grains 
are  used.  Greater  e.  m.  f.  is,  however,  obtained  by  using  grained  pyrolusite. 
The  solution  of  ammonia  chloride  is  concentrated,  because  by  its  use  the  resistance 
is  diminished,  and  a concentrated  solution  is  better  able  to  take  up  the  salts 
produced  during  the  use  of  the  cell,  and  to  prevent  the  separation  of  the 
salts  at  the  electrodes,  and  consequent  weakening  of  the  current.  The  change 
that  takes  place  is  as  follows  : The  zinc,  sal-ammoniac,  and  pyrolusite  are 
changed  into  zinc  chloride,  water,  and  anunonia,  and  an  oxide  of  manganese 
less  rich  in  oxygen.  Zn,  zNH^Cl,  zMnOgare  changed  into  ZnClj,  HgO-f  2NH3, 
Mn^Og.  Three  different  sizes  of  this  form  of  the  cell  are  constructed,  regarding 
which  Gazin  has  arranged  the  following  table  : 


Porous  Pot. 

Resistance. 

Diameter. 

Height. 

1st  size. 

2 '4  inches. 

4'4  inches. 

9 to  10  ohms. 

2nd  ,, 

2-4 

6-0  „ 

5 to  6 

.. 

3’2S 

6-0  ,, 

about  4 „ 

The  Leclanchd  cell  consumes  very  little  zinc,  as  zinc  is  only  dissolved  when 
the  cell  is  in  use.  The  behaviour  of  the  cell  when  exposed  to  cold  is  im- 
portant. According  to  experiments  made  by  Lartigue,  the  resistance  of  the 
element  is  not  very  much  altered,  even  when  the  temperature  is  considerably 
lowered,  whilst  the  resistance  in  a Daniell’s  cell  alters  from  8'35  at-fio®  to 
i2'58  at  0°;  at  —4°  the  resistance  rises  to  14,  at  —6°  the  fluid  becomes  thick, 
and  at  — 20°  the  resistance  rises  to  200  ohms.* 

By  using  a diaphragm  the  resistance  in  the  cell  is  considerably  increased, 
and  is  further  increased  when  the  grains  of  the  carbon  and  pyrolusite 
mixture  are  not  pressed  close  together,  because  the  fluid  conducts  worse 
than  the  mixture.  Leclanche  tried  to  avoid  this  by  altering  the  carbon 
electrode.  In  order  to  obtain  a compact  mass,  gum  is  added  to  the  mixture, 
which  is  heated  to  100°  C.  under  a pressure  of  300  atmospheres.  Solid  cylinders 
are  produced  in  this  manner,  consisting  of  40  parts  pyrolusite,  52  parts  carbon, 

5 parts  gum,  and  3 parts  potassium  bisulphate.  The  latter  facilitates  the 
solution  of  the  zinc  salts  that  enter  the  pores.  To  the  upper  part  of  the  cylinder  ' 

* W.  Ph.  Hauck,  “ Elektrotechnische  Bibliothek,”  iv. 
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a zinc  knob  is  fastened.  The  zinc  electrode  consists  of  a zinc  rod  held  in  position 
and  separated  from  the  carbon  by  means  of  a piece  of  wood  and  caoutchouc 
rings,  as  shown  in  Fig.  386.  By  this  modification,  however,  no  better  results 
were  obtained,  the  inner  resistance  being  increased  considerably.  Leclanch^, 
therefore,  constructed  blocks  of  the  above  mixture,  which  were  fastened  to  a 
carbon  plate  by  means  of  caoutchouc  rings,  shown  in  Fig.  387.  The  alteration 
of  the  resistance  may  be  compensated  for  by  using  several  plates. 

Tyer’s  Cell. — The  pyrolusite  cell  by  Tyer,  shown  in  Fig.  388,  consists 
of  a porcelain  vessel,  which  is  divided  by  a perforated  plate  of  the  same  material 
in  two  unequal  portions.  The  smaller  is  taken  up  by  the  carbon  plate  and 


Fig.  386.  Fig.  387. 

Leclanche  Cells. 


Fig.  388. — The  Tyer  Cell. 


pyrolusite  mixture ; the  larger  has  the  zinc  plate  and  ammonia  salts.  This  cell 
is,  however,  quickly  polarised.  The  permanent  cell  by  Marcus  belongs  to 
this  group  of  cells.  The  Leclanche  cell  has  been  further  modified  by  Clark  and 
Muirhead,  Binder,  Gaiffe,  Lister,  and  others. 

Modifications  by  Lalande  and  Chaperon. — The  Leclanche'  cell 
will  riot  answer  at  all  when  a constant  current  is  required,  but  it  does  very 
well  indeed  where  a current  is  required  for  a short  time  only,  as,  for  instance, 
m sending  signals,  ringing  bells,  etc.,  especially  as  the  cell  may  be  used  for 
several  months.  At  the  International  Electrical  Exhibition,  Vienna,  1883,  a 
cell  in  which  depolarisation  was  brought  about  by  means  of  copper  oxide 
attracted  the  attention  of  electricians.  The  inventors  of  it  are  De  Lalande 
and  Chaperon  (the  description  and  drawings  are  taken  from  La  Lumiere 
Ekctrtque,  vol.  ix.).  The  cylindrically-shaped  glass  vessel  v (Fig.  389)  has  a 
ox  A made  of  sheet  iron,  which  contains  the  copper  oxide  b.  To  the  box  an 
insulated  copper  wire  c is  fastened.  The  zinc  electrode  d has  the  form  of  a 
o 
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spiral,  and  is  fastened  to  the  screw  F.  The  straight  end  of  the  zinc  which  does 
not  reach  the  liquid  has  an  indiarubber  coating  G.  The  exciting  fluid  consists 
of  potassium  oxide  dissolved  in  water,  loo  parts  of  the  fluid  containing  30  to  40 
parts  by  weight  of  potassium  oxide.  To  avoid  the  handling  of  potash  the  required 
quantity  of  potassium  oxide  is  placed  in  the  copper  oxide  box,  and  covered 


Fig.  391. — Lalande’s  Trough  Cell. 


up  by  means  of  a lid ; when  the  cell  is  to  be  used,  water  is  added  first,  and 
then  the  necessary  amount  of  copper  oxide.  In  Fig.  39°  the  glass  vessel  v is 
tightly  closed  by  means  of  a copper  lid  and  indiarubber  band  k.  To  the  lici 
are  screwed  two  sheet-iron  plates  a a„  to  vyhich  the  copper  oxide  blocks  b Bj  are 
fastened  by  means  of  indiarubber  rings,  c represents  the  positive  pole  A tube 
surrounded  by  an  indiarubber  coating  g is  situated  in  the  centre  of  the  vessel, 
and  in  this  tube  the  zinc  rod  is  placed.  H is  a tube  having  an  indiarubbe 
valve,  which  only  opens  when  the  pressure  of  the  gases  generated  in  the 

becomes  too  great.  , ^ • j 

Since  vessels  consisting  of  copper  and  iron  are  not  acted  upon  b} 
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large  surfaces  may  be  given  to  such  cells.  The  vessel  a (Fig.  391)  consists 
of  sheet  iron,  forming  the  positive  pole  of  the  battery;  it  is  16  inches  long 
8 inches  broad,  and  4 inches  high.  The  bottom  of  it  is  covered  with  a layer  of 
oxidised  copper.^  At  the  four  corners  porcelain  insulators  l are  placed  to  carry 
the  horizontal  zinc  plate  d d^,  the  side  being  bent  at  right  angles.  The  iron 
vessel  IS  three-parts  filled  with  potash  solution.  The  screw  c is  fastened  to  the 
iron  vessel,  the  screw  m to  tlie  bent  zinc  plate.  To  prevent  evaporation  and  the 
combination  of  carbon  dioxide  from  the  air  with  the  potash,  a lid  is  placed  upon 
the  vessel,  or  a thin  layer  of  petroleum  is  poured  over  the  surface  of  the  fluid 

According  to  experiments  made  by  E..  Hospitalier,  and  published  in  rElectricien 
1003,  the  Lalande  cell  is  QimArinr  __n  • ’ 


* ^ y J puuiiaj 

the  Lalande  cell  is  superior  to  the  Daniell  cell  in 


'CtlJlCli  (Jell  Ir 

using  less  zinc,  and  superior  to  the  Leclanche  cell  in  be- 
ing more  constant.  For  every  gramme  of  zinc  nearly  three 
grammes  of  potassium  oxide  and  1-35  gramme  of  oxidised 
copper  are  used.  The  resistance  of  this  cell  during  use 
diminishes,  because  the  oxidised  copper  is  replaced  by  the 
better-conducting  metallic  copper.  The  cell  has,  however 
only  a moderate  e.  m.  f.,  namely,  0-98  volt.  A slight  modi- 
fication of  the  Lalande  cell  is  the  plate  cell,*  which  has  the 
advantage  over  the. Lalande  cell  that  when  not  in  use  the 
metallic  copper  becomes  re-oxidised.  When  the  cell  is  not 
closed  by  an  outer  circuit  the  carbon  and  copper  in  the 
iquid  represent  a closed  cell,  which  gives  off  hydrogen  at 
he  carbon,  and  oxygen  at  the  copper;  the  former  escapes, 
e latter  oxidises  the  copper.  Whenever  the  outer  circuit 

sam..  generation  of  gas  commences,  and  at  the 

same  time  the  copper  loses  its  bright  colour. 

of  ^ proportion 

xygen,  is  another  of  the  fluids  which,  more  or  less 

I-  " 

Poggrntefhate  at™  u’se/ch ' Bunsen’ Lattn.  ttd 

•kis  purpose  potassium  bichromarttt;!”  t 

potassium  sulphate  is  formed  and  chromie  acid  let  fme  tt 

tie  eintttreLtVCl™h“lt^  d 1 

be  present  in  the  cell.  ^ be  added,  zinc  sulphate  will  also 

5«ttLomi^rp:i:h^a«tr  ttt:;.;htricttd“thr"ii 

or  bottle  shape.  The  sine  plate  z is  in  the  middle,  and  a'tar.!;  tart: 


Fig.  392.  — The 
Grenet  or  Flask 
Cell. 
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plates  K K,  one  on  each  side  of  the  zinc,  are  joined  at  the  top  and  constitute  the 
positive  pole.  The  zinc  plate  z is  attached  to  a rod  by  which  it  can  be 
lifted  out  of  the  solution  when  the  cell  is  not  in  use.  This  is  necessary,  as  the 
solution  acts  on  the  zinc  even  when  the  circuit  is  broken. 

Bunsen’s  Bichromate  Battery.— Bunsen’s  battery,  belonging  to  this 
class,  is  shown  in  Fig.  393.  Each  cell  contains  two  carbon  plates  suspended 


Fig-  393-—''^ 


Bunsen  Bichromate  Battery. 


f n.  n rross-Diece  and  electrically  connected ; between,  and  insulated  from, 
''°"z!nc-Carbon  Cells  with  Salt  Solutions.-Not  only  are  combinations 
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of  solids  and  liquids  used  for  diminishing  polarisation,  but  gases  also,  as  for 
instance  the  oxygen  of  the  air,  may  effect  the  same  purpose.  Fig.  394  represents 
a cell  frequently  used  in  Switzerland,  f is  a carbon  cylinder  five  and  a half 
inches  high  and  three  and  a half  inches  in  outer  diameter,  acting  as  the  negative 
plate.  G is  an  amalgamated  zinc  strip,  acting  as  the  positive  plate.  These 
cells  are  therefore  described  as  zinc-carbon  cells  with  salt  solution. 

The  Maiche  Cell. — Fig.  395  represents  the  zinc-carbon  cell  with  a salt 
of  ammonia,  by  L.  Maiche.  It  is  contained  in  a cylindrical  glass  vessel 
having  an  ebonite  lid ; a porous  vessel  having  holes  in  the  side  is  fastened 


Fif.  354- — Ziac  and  Salt  Water  Carbon  Cell.  Fig.  395.— The  Maiche  Cell. 


to  the  lid.  In  the  porous  cell  is  placed  platinised  carbon,  forming  the  negative 
plate.  A platinum  wire  leads  from  it  to  a binding  screw  on  the  lid.  Through 
the  centre  of  the  lid  an  ebonite  tube  passes,  having  at  its  end  a porcelain  basin 
containing  mercury  and  pieces  of  zinc,  which  form  the  positive  plate.  A 
second  platinum  wire  connects  the  basin  containing  the  mercury,  through  the 
ebonite  tube,  with  the  other  binding  screw.  The  vessel  holds  about  three 
pints  of  the  liquid,  which  consists  either  of  250  grammes  of  ammonia  salt, 
or  140  to  150  grammes  of  sodium  bisulphate,  mixed  with  about  5 to  10  per 
cent,  of  sulphuric  acid.  The  e.  m.  f.  of  the  cell  is  equal  to  1-25  volt, 
and^the  resistance  is  half  an  ohm.  In  comparison  with  other  cells  this  is 
a cheap  arrangement,  because  depolarisation  here  is  caused  by  the  air,  or 
rat  er  y the  oxygen  contained  in  the  air.  To  allow  the  oxygen  to  reach  the 
carbon  more  easily,  the  porous  vessel  dips  into  the  fluid  to  a depth  of  about 
one  me  . e current  soon  falls  off  in  consequence  of  the  increased  generation 
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of  hydrogen,  which  consumes  the  oxygen  stored  in  the  carbon.  By  the  separa- 
tion of  the  zinc  and  carbon  electrodes  the  deposition  of  crystals  on  the  carbon 
is  prevented. 

Two-Fluid  Cells. — Volta  was  the  first  who  observed  that  a combination 
of  two  liquids  and  a metal  produced  a galvanic  current.  Becquerel  examined 
more  minutely  the  behaviour  of  the  different  liquids.  To  obtain  a constant 
current,  not  only  is  it  necessary  to  adopt  some  means  of  depolarising  the 
electrodes,  but  it  is  necessary  also  to  devise  a means  of  keeping  the  resistance 
constant.  Now  the  resistance  varies  with  the  chemical  changes  of  the  liquid, 
and  also  with  the  degree  of  concentration  of  the  chemically  unaltered  fluid. 
On  account  of  these  differences  Cazin  divides  the  elements  with  two  liquids 
into  two  groups  : 

1.  Those  fluids  which  have  their  composition  unaltered  by  the  chemical 

action. 

2.  Those  which  undergo  chemical  change,  and  consequently  offer  a 

varying  resistance  to  the  current. 


CELLS  WITH  TWO  FLUIDS  NOT  ALTERED  BY  THE  CHEMICAL 

ACTION. 

Daniell’s  Cell.— On  page  in  we  gave  a description  of  a Daniell’s 
cell  in  its  original  shape,  and  shall,  therefore,  find  it  necessary  to  consider 
here  only  those  modifications  of  the  Daniell’s  cell  which  are  likely  to  be  of 
practical  interest.  In  the  form  represented  in  Fig.  9^  ^ porous  earthenware 
vessel  is  substituted  for  the  membrane  from  the  jugular  vein  of  an  ox.  If 
we  examine  the  porous  vessel  of  a cell  that  has  been  in  use  for  some  time, 
we  find  that  figures  representing  the  foliage  and  branches  of  trees,  or  little 
crystals,  cover  its  surface.  These  are  crystals  of  copper.  The  copper  separated 
out  in  this  manner  sometimes  goes  through  the  porous  cell,  and  is  then  in 
direct  contact  with  the  zinc,  forming  galvanic  couples,  which,  producing  only 
local  action,  decompose  copper  sulphate,  but  do  no  useful  work.  T.  he 
deposition  of  copper  on  the  surface  of  the  diaphragm  is  sometimes  caused 
by  the  zinc  residue  which  coats  the  cell.  This  sediment  consists  of  iron, 
lead,  copper,  carbon,  etc.,  which  dissolve  but  slowly  in  the  dilute  sulphuric  acid, 
if  indeed  they  dissolve  at  all. 

To  prevent  this  the  porous  pot  is  sometimes  replaced  by  parchment.  If  the 
cell  is  arranged  so  that  the  zinc  together  with  the  sulphuric  acid  is  inside 
the  porous  pot,  the  separation  of  copper  may  be  prevented  by  having  the  zinc 
placed  in  the  middle  of  the  pot,  and  the  bottom  of  the  diaphragm  coated 
with  wax.  The  zinc  residue  now  remains  at  the  bottom,  and  the  solution 
of  copper  sulphate  cannot  pass  through  it.  ‘ Kramer  prevents  the  separation 
of  copper  in  the  diaphragm  by  having  the  copper  electrode  divided  into  two 
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cylinders.  One  of  these,  k (Fig.  396),  is  placed  in  the  diaphragm  b,  which 
is  filled  with  a solution  of  copper  sulphate,  and  is  together  with  it  placed  within 
a second  diaphragm  containing  dilute  sulphuric 
acid. 

The  zinc  cylinder  is  placed  outside  the 
second  diaphragm.  This  second  diaphragm 
and  zinc  cylinder  are  omitted  in  the  figure. 

Provided  the  cell  has  sufificient  copper, 
sulphate,  it  may  be  used  for  months  without 
requiring  attention. 

The  Trough  Battery, — Two  modifica- 
tions of  the  Daniell  cell  are  used  in  the 
English  telegraph  service ; one  is  the  Fuller 
trough  cell,  the  other  the  Muirhead  battery. 

The  trough  battery,  shown  in  Fig.  397,  consists 
of  a rectangular  box  divided  into  cells  by  slate 
partitions.  Each  of  these  cells  is  again  divided  Fig.  396. — The  Kramer  Cell, 
into  two  parts  by  means  of  a porous  porcelain 

plate.  One  of  these  divisions  has  a solution  of  copper  sulphate,  and  a copper 
plate,  and  the  other  portion  has  either  water  or  a very  dilute  solution  of  zinc 
sulphate  and  a zinc  plate.  A zinc  plate  and  a copper  plate  are  joined  by 
means  of  a copper  strip,  which  is  bent  so  as  to  allow  every  two  plates  to  hang 
from  the  slate  partitions.  The  zinc  plate  of  the  last  cell  and  the  copper  plate 


Fig-  397- — The  Trough  Battery. 


of  the  first  cell  form  the  poles.  By  placing  crystals  of  copper  sulphate  in  the 
respective  cells  so  as  to  have  a sufficiently  concentrated  solution,  the  battery 
may  be  a whole  month  in  use  without  attention.  This  battery  is  usually 
urnis  ed  ^\ith  cast  zinc  plates,  which,  for  reasons  we  have  considered,  are  not 

recommended.  It  is  also  difficult  to  obtain  air-tight  divisions  by  the  combination 
ot  slate  and  wood. 
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As  the  Daniell  cell  remains  constant  fora  considerable  period,  and  causes 
no  unpleasant  fumes,  it  has  been  used  for  lighting  purposes,  and  to  remove 
the  resistance  caused  by  the  diaphragm  several  devices  have  been  adopted. 
Carre  replaced  the  earthenware  cell  by  parchment,  and  for  the  production  of 
the  electric  light  joined  in  series  sixty  cells,  which  furnished  a tolerably  constant 
and  large  current. 

Siemens  and  Halske  make  their  Daniell’s  cell  of  the  form  shown  in  Fig. 
398.  At  the  bottom  of  the  cylindrical  vessel  a,  a copper  spiral  or  plate  is 
placed,  and  from  the  centre  of  this  plate  a copper  wire  leads  upwards  and 
forms  the  positive  electrode.  Over  the  plate  comes  a porous  clay  vessel, 
indicated  by  the  dotted  lines  in  the  figure,  and  having  a glass  tube  fastened 
to  it.  The  space  over  the  clay  vessel  is  filled  up  to  « by  a prepared  paste, 


consisting  of  a mixture  of  paper  pulp  and  sulphuric  acid.  The  space  within 
the  clay  vessel  and  glass  tube  is  taken  up  by  crystals  of  copper  sulphate.  A 
piece  of  linen  is  placed  over  the  paper  mass,  and  upon  this  the  zinc  ring  z n 
is  laid.  From  the  zinc  a brass  rod  with  screw  passes  upwards.  The  cel 
is  charged  by  pouring  acidulated  water  into  the  tube  K and  the  outer  vesse 
A.  The  diaphragm,  thickened  by  means  of  the  paper  mass  presents  a high 
resistance,  but  this  does  not  matter  very  much  for  telegraphic  purposes,  as 
the  outer  circuit  also  has  a high  resistance.  The  current  remains  constant 
when  the  fluid  surrounding  the  zinc  is  removed  every  fortnight  and  replaced. 
The  piece  of  linen  must  also  be  cleaned  at  similar  intervals.  When  the  cell 
has  been  in  use  for  some  time,  copper  is  found  to  have  separated  out  at  the 
diaphragm  and  in  the  paper  mass,  nor  does  this  arrangement  entire  y preven 

the  copper  sulphate  from  reaching  the  zinc. 

Tro^uve’s  Blotting-pad  Cell.-Trouvif  tried  to  prevent  the  consumpuon 

of  zinc  in  cell  when  not  in  use  by  an  arrangement  shown  in  Fig.  399- 
form  of  the  Trouv^  cell  consists  of  a zinc  and  a copper  plate,  between  which 
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a great  many  blotting-paper  discs  are  placed.  The  one  half  of  the  blotting- 
paper  nearest  the  copper  plate  is  soaked  in  a solution  of  copper  sulphate,  and 
then  allowed  to  dry.  A copper  wire  having  a guttapercha  coating  is  soldered 
to  the  copper  plate,  going  through  the  centre  of  the  blotting-paper  and  zinc, 
and  being  fastened  to  the  lid  of  the  vessel  as  shown  in  the  figure.  The  second 
wire  represents  the  zinc  pole  of  the  cell.  When  the  cell  is  to  be  used,  water  is 
poured  upon  the  paper  discs  until  drops  are  seen  to  appear  at  the  edges,  when 
they  are  pressed  together.  The  cell  is  then  placed  in  the  glass  vessel  and  is 
ready  for  use.  The  copper  sulphate  is  gradually  consumed,  whilst  zinc  sulphate 
is  produced.  When  the  whole  of  the  copper  sulphate  is  used  up,  which  will 
not  happen  for  some  months,  the  cell  has  to  be  recharged.  Useless  con- 
sumption may  be  avoided  by  exposing  the  cell  to  a draught  of  air  after 
use. 

This  form  of  battery  is  especially  recommended  for  military  and  medical 
purposes. 

Minotto’s  Cell. — The  disadvantages  of  diaphragms  in  cells  have  caused 
many  attempts  to  be  made  to  avoid  them  altogether.  Minotto,  for  instance, 
substituted  sand  for  the  porous  cell.  Minotto’s  cell  consists  of  an  earthenware 
vessel,  one  half  of  which  is  filled  with  crystals  of  copper  sulphate.  A copper 
wire  covered  with  guttapercha  is  soldered  to  a copper  plate,  which  is  embedded 
in  the  crystals  of  copper  sulphate  and  forms  the  positive  pole.  . Over  the  crystals 
a layer  of  sand  is  placed ; non-absorbent  sand,  such  as  quartz,  being  used. 
Upon  this  layer  of  sand  the  zinc  plate  is  laid.  The  wire  attached  to  the  zinc 
plate  ought  to  be  coiled  so  as  to  allow  the  zinc  plate  to  be  lowered  as  the 
crystals  are  consumed.  Water  is  usually  poured  on  the  top  of  the  zinc.  When 
the  cell  has  been  in  use  for  some  time  the  zinc  plate  ought  to  be  cleaned 
occasionally.  The  resistance  of  this  cell  is  greater  than  that  of  a Daniell  cell, 
but  might  be  diminished  by  having  the  copper  plate  higher,  or  even  by  placing 
it  on  the  top  of  the  crystals. 

The  electromotive  force  of  the  Minotto  cell  is  nearly  that  of  a Daniell  cell, 
and  remains  constant  for  months.  Compared  with  the  latter  cell  it  uses  less 
zinc  and  copper  sulphate,  and  requires  very  little  attention,  the  occasional 
cleaning  of  the  zinc  plate  and  replacing  of  the  evaporated  water  excepted. 
P.  Secchi,  on  examining  a Minotto  cell  that  had  been  in  use  for  a consider- 
able length  of  time,  found  that  the  solid  matter  formed  from  the  copper 
and  zinc  sulphate  crystals  had  the  copper  intermingled  in  exactly  the  same 
manner  as  copper  crystallises  out  in  natural  ores.  It  may  be  supposed, 
therefore,  that  the  crystallisation  of  the  copper  in  a metallic  vein  in  the 
earth  is  due  to  a slow  chemical  process,  similar  to'  that  observed  in  the 
Minotto  cell. 

Barley  (1855)  took  out  a patent  for  a cell  in  which  the  diaphragm  was 
entirely  avoided,  and  the  fluids  separated  by  their  own  specific  weights,  but  this 
cell  has  been  little  used  for  practical  purposes. 

Meidinger  s Cell. — Meidinger’s  cell,  which  is  extensively  used  in  Germany^ 

0*  ’ 
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is  represented  in  Figs.  400  and  401.  The  outer  vessel  a is  drawn  in  at  b,  as 
shown  in  the  figure.  The  zinc  cylinder  z rests  with  its  lower  edge  upon  -^J,  and 
has  the  wire  c connected  with  it.  A second  smaller  vessel  is  placed  inside  a ; 
and  sheet  copper  or  sheet  lead,  forming  the  second  electrode,  is  placed  inside 
the  second  vessel,  the  connecting  wire  g f being  well  insulated.  The  tube  //, 
which  is  open  at  the  end,  contains  crystals  of  copper  sulphate. 

To  charge  the  cell  the  outer  vessel  a is  filled  with  water  or  a solution  of 
bitter  salts,  to  diminish  resistance.  The  crystals  dissolve  and  a solution  of 
copper  sulphate  surrounds  the  copper  or  lead  electrode.  Copper  sulphate, 


Fig.  4CX3. 


Meidinger's  Cell. 


Fig.  401. 


having  a greater  specific  gravity,  falls  to  the  bottorn  of  the  vessel,  whilst  the 
lighter*  salt  solution  remains  in  the  upper  part  of  the  vessel  surrounding  the 
zinc  cylinder.  When  the  cell  is  employed  for  telegraphic  purposes  the 
crystals  of  copper  sulphate  are  soon  consumed,  and  must  be  replaced.  The 

bat  y therefore,  requires  special  a.tentiorr,  and  on  thts  account  Me.dmger 

arranged  his  cell  as  shot™  in  Fig.  401.  In  the  balloon  cell  the  tube 
holding  the  crystals  is  replaced  by  a glass  globe,  tvh.ch  serves  as  a cover 
to  the  vessel.  The  n.  m.  v.  of  this  cell  is  about  the  same  as  that  of  a 
Uaniell  cell,  but  the  resisunce  in  a Meidtnger  cell  is  considerably  lessened 

‘K7ag!r%l‘  STthe  Meidinger  cell,  and  obtained  a cheaper  form 
with  I s milar  resistance.  A further  inodiScation  of  Meidinger's  cell  is  the 
Kohlfurst  cell,  represented  in  Fig.  40a.  The  vessel  a is  covered  at  the  top 

by  an  iron  lid  D.  To  the  lower  side  of  the  lid  the  sine  2 is  fastened,  and  to 
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the  upper  side  the  binding  screw  ;r.  A leaden  plate,  placed  nearly  at  tlie 
bottom,  serves  as  the  second  electrode,  and  is  connected  with  the  insulated 
copper  wire  f.  The  portion  b b covered  with  crystals  of  copper  sulphate, 
at  the  top  of  which  a perforated  earthenware  plate  is  laid.  The  liquid  is  poured 
down  the  funnel  l,  and  consists  usually  of  a solution  of  zinc  sulphate  or  bitter 
salts.  The  following  tables  are  taken  from  a report  published  by  the  managers 
of  the  Buschtghrader  railways,  and  show  the  saving  by  employing  the  Kohllurst 
cell  instead  of  the  open  Meidinger  or  Kruger  cells  : 


In  use. 

The  expenses  of  the  Batteries  come  to  : 

Year. 

Cells. 

Electro-magnets. 

Total. 

Per  Electro-  magnet. 

Per  Galyanic  Cell. 

fl. 

kr. 

fl. 

kr. 

fl. 

kr. 

1873 

1874 

1875 

1876 

1877 

1878 

1879 

1880 

2604 

2582 

2556 

2723 

2871 

2726 

2630 

2637 

744 
II 14 

"35 

1237 

1249 

123  s 

1168 

1165 

6702 

7246 

6754 

6288 

39S7 

2892 

2382 

2164 

. 88 

95 

61 

41 
36 

42 

•9 

6 

5 

5 

3 

2 

2 

I 

00'9 

50 

95 

08 

17 

34 

oo'4 

857 

2 

2 

2 

2 

I 

1 

57-4 
8o'6 
60 '4 
309 
37-8 
06 'O 

90-5 

85-0 

Fig.  402.— The  KohUurst  Cell. 


Fig.  403.— The  Callaud  Cell. 


in  Ib6^  Meidinger  cell  was  reduced  to  its  simplest  form 

n r86i  by  Callaud,  whose  arrangement  is  represented  in  Fig.  40,  At  the 

it  Tinll^T"  " /opper  and  from 

insulated  copper  wire  leads  out  of  the  vessel.  The  zinc  cylinder  is 
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suspended,  as  shown  in  the  figure.  The  vessel  is  filled  with  a solution  of 
copper  sulphate  to  about  one  inch  from  the  zinc  cylinder.  Water,  or  a 
solution  of  zinc  sulphate,  is  poured  on  to  the  top  of  the  copper  sulphate 
solution. 

The  Callaud  cell  is  largely  used  in  France  and  the  United  States.  Its 
dimensions  are  as  follows  : The  glass  is  8 inches  high,  and  has  a diameter 

of  about  5 inches.  The  copper  sheet  is  inches  high,  and  has  a surface 
of  i5’5  square  inches.  The  zinc  sheet  is  zf  inches  wide,  and  has  a radius  of 
2 inches.  Every  three  months  the  zinc  is  cleaned,  and  at  the  same  time  about 


Fig.  404.-Modified  Callaud.  Fig.  405.— The  Lockwood  Cell 


10  ounces  of  copper  sulphate  are  added.  To  prevent  the  increase  of  resistance, 
a portion  of  the  solution  of  zinc  sulphate  is  removed,  and  is  Teplaced  by 

It  has  been  found  convenient  to  pour  the  zinc  sulphate  solution  into  the 
vessel  first,  until  it  nearly  reaches  the  zinc  cylinder,  and  then  by  means  of  a 
syphon  to  allow  the  copper  sulphate  to  replace  the  solution  of  zinc  sulphate. 

From  observations  made  by  different  persons  during  several  yearn,  it 
been  calculated  that  a cell  costs  on  an  average  32  kreutzers  (or  6^d.)  per 


annum. 

The  following  results  were 


obtained  by  Cailleret  regarding  its  resistance  : 


Jan.  26,  iS/6. 

Resistance,  32*5  ohms. 

M 29, 

M 25  „ 

Feb.  4, 

,,  17-5  M 

>>  12, 

H'S  .. 

„ 16, 

„ lO'S  „ 

„ 25, 

,.  9’25  !> 
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A modification  of  the  Callaud  cell  is  shown  in  Fig.  404.  Fig.  405 
represents  the  form  which  Lockwood  gave  it.  The  zinc  electrode  is  suspended 
from  the  vessel  in  the  manner  shown  in  the  figure.  The  vessel  is  15  inches 
high  by  7-5  wide.  One  half  of  it  is  filled  with  crystals  of  copper  sulphate.  The 
copper  electrode  consists  of  two  spirals,  of  which  the  one  lies  at  the  bottom  of 
the  vessel,  the  other  at  the  top  of  the  crystals.  The  wire  which  comes  out  of 
the  glass  to  form  the  positive  pole  is  a continuation  of  the  two  spirals.  The 
liquid  used  is  a solution  of  zinc  sulphate.  Evaporation  is  diminished  by  a 
layer  of  oil. 

Reynier’s  Daniell. — The  form  which  Reynier  has  given  to  the  Daniell 
cell  is  shown  in  Fig.  406.  Sheet  copper,  which  has  the  shape  represented 
in  Fig.  407,  is  placed  in  the  vessel.  Next  comes  a cell  of  parchment  containing 


Fig.  406. — The  Cell. 

The  Reynier  Cell. 


sheet  zinc,  bent  as  in  the  figure.  Solution  of  copper  sulphate  is  poured 
into  the  glass  vessel,  and  sodium  hydrate  into  the  parchment  cell.  By  substi- 
tuting sodium  hydrate  for  sulphuric  acid,  diffusion  of  the  copper  sulphate 
crystals  is  prevented,  and  also  the  e.  m.  f.  is  increased  from  i '3  to  i’5  volt. 
The  dissolving  of  zinc  when  the  battery  is  not  in  use  is  also  prevented  by  means 
of  the  arrangement.  A further  modification  is  described  on  page  434. 


CELLS  WITH  TWO  FLUIDS  WHICH  UNDERGO  CHEMICAL 

CHANGE. 

Grove’s  Cell.— Grove  was  the  first  to  construct  a cell  with  two  fluids, 
in  which  nitric  acid  formed  the  depolarising  substance  (1839).  The  form 
usually  given  to  the  Grove  element  has  been  described  on  page  112.  The 
expensive  platinum  metal  has  been  replaced  by  plates  of  porcelain,  coated  with 
a layer  of  platinum  (burnt  into  it) ; such  elements,  however,  have  a considerable 

resistance,  owing  to  the  thin  layer  of  platinum ; moreover,  it  is  difficult  to  attach 
the  terminal  wire. 
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Bunsen’s  Cell, — The  Bunsen  cell,  in  which  carbon  is  substituted  for 
platinum,  has  also  been  described  in  Part  I.  (page  112).  Fig.  408  represents 
the  form  which  is  given  to  the  cell  when  it  is  intended  to  be  joined  up  with 
other  cells  to  form  a battery.  While  care  ought  to  be  taken  that  all  the 
metal  parts  are  bright,  emery  paper  ought  not  to  be  used,  as  particles  of  it  may 
adhere  and  diminish  contact.  The  best  plan  is  to  file  the  different  parts  that  are 
used  in  forming  contacts.  Careful  amalgamation  of  the  zincs  is  also  important, 
but  the  methods  of  effecting  the  amalgamation  will  be  considered  later.  The 
great  objection  to  the  Bunsen  cell  is  the  generation  of  noxious  fumes  by  it. 

In  spite  of  this,  however,  it  is  very 
frequently  used  on  account  of  its 
constancy,  its  high  E.  M.  F.  (about 
I '9  volt),  and  small  resistance. 
The  Bunsen  cell  is  less  constant 
than  the  Daniell  cell,  owing  to  the 
chemical  changes  the  fluids  undergo. 
To  diminish  the  resistance  and 
volume  of  the  acids  required,  and 
also  to  save  space,  the  Bunsen  as 
well  as  the  Grove  cell  has  been 
constructed  of  plates  arranged  in 
rectangular  vessels.  As  the  zinc 
and  carbon  plates  may  be  laid  very 
close  to  each  other,  the  resistance 
may  be  diminished  to  about  o‘o6o 
ohm.  Rousse  substituted  a lead 
cylinder  for  the  zinc  cylinder,  and 
Maiche  an  iron  cylinder,  which  he  placed  in  water  acidulated  with  nitric  acid 
(i  part  in  100).  This  arrangement  causes  greater  constancy  and  diminishes 
the  evolution  of  gas,  but  reduces  the  e.  m.  f.  to  o‘8  of  a Daniell  cell.  Several 
inventors  have  successfully  replaced  the  platinum  by  iron. 

Schonbein  made  use  of  cast-iron  pots  and  a liquid  consisting  of  two  parts  of 
concentrated  nitric  acid  and  one  part  of  sulphuric  acid,  with  an  earthenware  pot 
containing  diluted  sulphuric  acid,  the  zinc  being  placed  in  the  latter  liquid.  As 
sulphuric  acid  takes  away  the  elements  of  water  from  nitric  acid,  it  prevents  the 
latter  from  becoming  too  diluted,  which  is  important  on  account  of  the  action  of 
dilute  acid  on  the  iron.  By  using  concentrated  nitric  acid,  iron  becomes  what  is 
called  “ passive.”  In  this  condition  alone  can  it  be  utilised  in  a galvanic  cell ; 
when  the  acid  is  diluted  beyond  a certain  limit,  the  iron  is  acted  upon.  During 
the  Exhibition  at  Paris  in  1881,  a cell  constructed  by  Howell,  represented  in 
Fig.  409,  was  exhibited.  In  the  cylindrically-shaped  earthenware  vessel  a the 
cell  B is  placed,  containing  the  diaphragm  c and  the  zinc  rod  z.  1 he  carbon 
block  K consists  of  a mixture  of  pyrolusite,*  carbon,  and  manganese  sulphate. 

* Pyrolusite  is  a native  peroxide  of  manganese. 
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This  mixture  is  well  pressed  and  covered  with  a layer  of  bituminous  carbon  to 
allow  the  generated  gases  to  escape.  For  the  same  reason  the  cover  has  several 
holes.  The  earthenware  cell  contains  a solution  of  ammonia  sulphate  (2-5  per 
cent.)  and  a little  mercury,  so  that  the  zinc  shall  always  be  well  amalgamated. 
The  fluid  in  the  outer  vessel  consists  of  diluted  sulphuric  acid.  The  resistance 
of  the  cell  is  said  to  be  from  5 to  6 ohms,  and  its  E.  m.  f.  2\  volts. 

BufTs  Cell. — To  produce  a cheap  and  odourless  cell,  Bulf  constructed 
an  iron  chloride  cell,  in  which  the  zinc  is  placed  in  an  earthenware  cell 
containing  diluted  sulphuric  acid,  whilst  the  carbon  is  immersed'-  in  ferric 
chloride  having  the  consistency  of  treacle. 

The  cell  gives  better  results  when  hydrochloric  acid  is  added  to  the  ferric 


Fig.  409. — The  Howell  Cell.  Fig.  410. — Trie  Scrivanow  Cell. 


chloride,  and  ordinary  salt  used  instead  of  the  diluted  sulphuric  acid.  Depolari- 
sation in  this  cell  is  not  very  complete,  and  the  current  is  weakened  by  the 
production  of  non-conducting  deposits  at  the  electrodes. 

Scrivanow’s  Dry  Cell. — In  the  Scrivanow  cell  fluids  are  avoided 
altogether.  The  dry  cell  consists  of  a carbon  and  zinc  plate,  and  a depo- 
larising substance,  which  is  a kind  of  amalgam  compounded  of  ammonium 
mercuric  compound  (10  parts),  sodium  chloride  (3  parts),  and  silver  chloride 
(0-25  part),  made  into  a paste  by  means  of  a diluted  solution  of  zinc  chloride. 
This  paste  is  laid  on  the  carbon  plate  and  its  edges  covered  with  paraffin  to  the 
thickness  of  one-twelfth  of  an  inch.  On  this  are  place'd  several  layers  of  Swedish 
filtering  paper,  soaked  in  a solution  consisting  of  zinc  chloride  and  sodium 
chloride.  The  edges  of  the  paper  discs  are  coated  with  paraffin,  by  means 
of  which  they  are  fastened  to  the  carbon.  This  cell  may  be  arranged  in 
the  form  of  a key,  as  used  for  electric  house-bells  j such  a key  is  shown  in 
Fig.  4 TO.  c is  the  carbon,  z the  zinc,  p the  layer  of  filter  paper;  and  be- 
Hveen  p and  c the  depolarising  substance  is  placed.  By  pressing  t,  the  zinc 

IS  pressed  against  the  layer  of  paper  soaked  in  the  solution,  and  the  circuit  is 
closed. 
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The  Marid  Davy  Cell. — Marie  Davy  replaced  the  sulphuric  acid  in  the 
Bunsen  cell  by  proto-sulphate  of  mercury.  Thirty-eight  of  these  cells  supplied 
a telegraph  line  day  and  night  with  currents  equal  in  strength  to  that  of  6o 
Daniell  cells.  A record  of  the  durability  of  these  batteries  shows  that  the  Mari^ 
Davy  cells  could  be  used  for  five  months  and  twenty-three  days,  whilst  the 
Daniell  cell  lasted  only  two  months  and  twenty-three  days.  A point  in  favour 
of  the  mercury  cells  is  that  little  mercury  need  be  wasted,  as  it  can  be  easily 
reconverted  into  the  proto-sulphate.  On  the  other  hand,  the  high  price,  and 
the  fact  that  the  mercury  salts  are  very  poisonous,  are  against  its  use. 

Sulphur  may  be  classed  with  the  depolarising  agents,  sulphuretted  hydrogen 
of  course  being  generated  in  the  cell.  Savary  allows  the  zinc  to  dip  into  a 
solution  of  ordinary  salt,  and  adds  powdered  sulphur  to  the  salt  water,  which 
surrounds  the  carbon  in  the  diaphragm  ; he  also  strengthens  the  carbon  by  a 
few  turns  of  copper  wire.  The  cell  is  said  to  be  very  constant,  and  in  its  action 
to  resemble  a Daniell  cell. 

The  Fuller  Cell.— The  Fuller  cell,  which  has  been  used  by  the  English 
Telegraph  Department  since  1871,  and  of  which  there  are  about  20,000  in  use, 

is  a chromic  acid  cell,  and  is  represented  in  Fig.  41 1. 
z is  the  zinc  electrode,  which  is  in  the  shape  of  a rod 
flattened  at  the  end  or  attached  to  a pyramidal  foot. 
This  rod  is  placed  in  a porous  vessel,  and  in  order  to 
have  it  well  amalgamated,  about  30  grammes  (or  about 
one  ounce)  of  mercury  are  placed  in  the  earthen- 
ware pot.  The  upper  part  of  the  rod  is  covered 
with  wax.  The  carbon  plate  a is  outside  the 
diaphragm,  and  is  6 inches  long  by  2 inches  wide. 
The  porous  pot  containing  the  zinc  rod  is  placed  in 
a glass  vessel,  which  is  filled  to  within  two  inches  of 
the  top  with  a solution  of  90  grammes  (3  ounces)  of 
bichromate  of  potash  in  one  part  of  sulphuric  acid 
and  nine  parts  of  water.  Water  only  is  poured  on 
the  mercury  in  the  inner  cell.  This  cell  produces 
twice  the  electro  motive  force  of  a Daniell  cell,  with  a 
smaller  resistance  under  equal  conditions^  The  addition  of  the  mercury  is  the 
essential  feature  of  the  battery,  and  to  it  the  d sappearance  of  the  mam  objec- 
tions against  the  old  bichromate  form  is  chiefly  due.  The  zinc  plate  is,  in  this 
way,  kept  permanently  amalgamated  so  long  as  it  lasts ; and  not  only  is  the 
internal  resistance  of  the  battery  largely  diminished,  but  its  constancy  is  to  a 
great  extent  insured.  The  action  (after  the  battery  is  charged,  and  the  cells 
connected)  commences  almost  immediately,  and  reaches  a maximum  in  the 
course  of  a few  hours.  On  an  ordinary  working  circuit  no  extra  crystals  will 
be  required  for  a period  of  six  months,  after  the  battery  is  once  set  up  ; nor, 
indeed,  so  long  as  the  solution  remains  of  an  orange  colour.  Only  when  it 
begins ’to  assume  a blue  tint  need  crystals  be  added  to  it. 


Fig.  411. — Fuller’s  Patent 
Mercury  Bichromate 
CeU. 
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The  electromotive  force  of  the  combination  is  equal  to  about  two  volts  ; 
the  internal  resistance,  by  varying  the  thickness  of  the  porous  vessel  and  the 
strength  of  the  solution,  may  be  made  to  vary  from  half  an  ohm  up  to  four  ohms, 
according  to  the  work  which  the  battery  is  called  upon  to  perform. 

In  point  of  cost,  this  battery  compares  very  favourably  with  others  which  are 
at  present  employed  in  England.  Taking,  for  instance,  the  Daniell,  and  assum- 
ing that  both  are  employed  on  a hard-worked  wire  (say,  joined  up  in  one  of  the 
railway  block-signal  circuits),  the 
statistics  of  the  cost  of  each  ha 
been  found  to  be  as  follows  : — 

Daniell  Battery. 

Prime  cost  of  a ten-cell  trough 

fitted  complete  £\  2 

Sulphate  of  copper  for  six  months  i i 
Complete  renewal  at  the  end  of 

six  months...  ...  ...  o 14 

Fuller’s  Mercury  Bichromate 
Battery. 

Prime  cost  of  a three-cell  battery 
(equivalent  to  a ten-cell 

Daniell)  £0  15 

Bichromate  of  potash  and  sul- 
phuric acid  for  six  months  o 3 
New  zincs  and  mercury  at  the 

end  of  six  months  ...  ...  o 2 

Generally  speaking,  this  mercury  bichromate  battery  will  be  found  far  more 
economical,  and,  with  few  exceptions,  as  reliable  as  the  Daniell.  It  is  well 
adapted  for  medical  and  experimental  purposes,  such  as  the  working  of  induction 
coils,  firing  of  fuses,  heating  of  platinum  wire,  feeding  incandescent  lamps,  and 
the  like,  combining,  as  it  does,  at  a much  smaller  cost,  the  high  e.  m.  f.  of  the 
Grove  with  the  convenience  in  handling  of  the  Daniell. 

The  Daniell  cell,  on  account  of  its  constancy,  would  be  of  great  value  for 
lighting  purposes  if  its  resistance  were  less ; to  increase  the  strength  of  the 
current  by  diminishing  the  resistance  was  the  object  aimed  at  in  the  construction 
of  the  Kelvin  battery  and  the  Reyhier  battery.  The  resistance  in  the  Kelvin 
cell  (Fig.  412)  is  diminished  by  using  parchment  instead  of  earthenware  dia- 
phragms. Each  cell  consists  of  a wooden  trough  a,  the  bottom  of  which  is 
covered  with  copper,  or  rather  with  lead  upon’  which  copper  is  deposited.  The 
zinc  plate  z n rests  upon  four  wooden  blocks.  Solution  of  copper  sulphate  is 
poured  into  the  trough  ; the  zinc  plates  are  covered  with  parchment,  so  that  each 
zinc  plate  rests  in  a parchment  cell ; into  this  water  or  a solution  of  zinc  sulphate 
is  poured.  In  arranging  the  cell  in  batteries,  care  has  to  be  taken  that  they  are 
placed  horizontally  so  as  to  allow  the  fluid  to  spread  evenly.  The  several  cells 
are  connected  with  each  other  by  means  of  lead  strips,  which  lead  from  the 
coating  of  one  trough  to  the  zinc  of  the  next.  The  parchment  may  even  be  left 
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out  altogether,  the  two  fluids  being  arranged  in  layers  as  in  the  Callaud  cell 
The  battery  does  not  possess  a very  high  e.  m.  f.  ; its  resistance,  however,  is 
very  slight,  and  the  current  is  very  constant,  provided  the  zinc  sulphate 
be  removed  from  time  to  time  and  replaced  by  water. 

Reynier  {see  page  429)  still 
further  modified  the  Daniell 
cell  in  the  manner  shown  in 
Fig.  413.  The  copper  elec- 
trode has  the  form  of  a rect- 
angular trough  9 inches  high, 
2 inches  wide,  and  16  inches 
long.  The  zinc  plate  a,  which 
is  shorter  than  the  copper 
electrode  by  about  4 inches, 
is  wrapped  up  in  parchment  b. 
At  the  short  end  of  each  zinc 
a basket  is  placed  to  hold  the 
crystals  of  copper  sulphate. 
Tubes  at  the  end  of  each  cell 
carry  off  the  fluid.  The  cells 
are  joined  by  means  of  short 
metal  strips,  which  are  held 
together  by  clamps  as  shown  in  the  figure.  The  copper  sulphate  solution  (to 
which  Reynier  added  calcium  chlorate,  sodium  chloride,  ammonia  salts,  etc.,  to 
diminish  resistance)  enters  the  parchment  cell,  where  it  is  decomposed  and 
thus  furnishes  the  sulphuric  acid  for  the  zinc.  The  zinc  sulphate  diffuses 


Fig.  413. — The  New  Reynier  Battery. 


through  the  walls  of  the  cell  and  collects  in  the  copper  vessel.  Every  twenty- 
four  hours  one  pint  of  fluid  per  cell  is  replaced  by  water.  In  April,  1882, 
Reynier  had  500  such  cells,  68  of  which  he  used  for  charging  secondary 
cells  used  for  lighting  purposes;  the  work  done  by  these  si.\ty-eight  cells  in 
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eight  hours  was  equivalent  to  one  horse-power,  at  an  outlay  of  thirteen  shillings. 
For  lighting  purposes  these  cells  are  more  expensive  than  gas,  but  cheaper  than 
candles. 

Medical  Batteries. — Batteries  for  medical  purposes  should  supply  a con- 
stant continuous  current,  and  should  admit  of  the  cells  being  joined  and  used  in 


Fig.  415. — Mayer  and  Wolfs  Battery. 


any  desired  order.  Then  the  inactive  cells  should  consume  no  material  \ and 
finally  all  noxious  fumes  should  be  avoided. 

Before  we  proceed  to  the  description  of  the  batteries  themselves,  we  will 
describe  an  apparatus  by  means  of  which  any  number  of  cells  may  be 
inserted  and  removed  from  the  circuit : such  an  apparatus  is  shown  in  Fig.  4i4- 
T he  cells  are  joined  in  series,  and  from  each  connecting  wire  another  wire 
leads  to  the  metal  strips  o to  10.  The  clamp  d is  movable  along  the  metal 
bar  c.  The  binding  screw  a is  connected  with  the  metal  strip  o,  and  the 
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binding  screw  B with  c.  By  moving  d the  cells  may  be  inserted  and  put  out 
of  circuit. 

Fig.  415  represents  a stationary  battery,  as  constructed  by  Mayer  and  Wolf, 
of  Vienna ; it  consists  of  forty  to  sixty  Siemens  cells,  which  are  arranged  upon 
two  shelves  in  a more  or  less  elegant  case,  which  may  represent  a piece  of  furni- 
ture, such  as  a writing-table,  etc.  The  battery  is  associated  with  a galvanometer, 
commutator,  and  induction  apparatus.  Compared  with  the  Siemens-Remak 
apparatus  made  by  Kruger  and  Hirchmann,  of  Berlin,  this  battery  has  the 


Fig.  416. — Chromate  Battery  of  Heller. 


advantage  that  the  cells  can  easily  be  filled  and  cleaned  without  being  obliged 
to  unscrew  the  wires,  etc.  To  prevent  one  portion  of  the  cells  being  worn  out 
sooner  than  the  other,  they  are  so  arranged  that  one  half  of  them,  and  then  the 

other,  are  used  alternately.  tj  n 

Fig.  416  represents  a potassium  chromate  battery  constructed  by  F.  Heller 

in  Nurnberg.  Heller  aims  at  making  the  connections  as  simple  as  possible,  so 
as  to  make  it  easy  to  replace  the  worn-out  zincs,  etc.  The  carbons  and  zincs 
are  simply  fixed  into  a hole  of  the  board  b b,  which  rests  upon  an  iron  frame. 
They  are  joined  by  means  of  the  springs  f,  which  are  screwed  to  the  frame  r. 
When  in  use  the  frame  r is  held  down  by  means  of  the  brass  pins  h h.  The 
glass  vessels,  which  are  arranged  in  the  frame  g s,  are  lifted  to  the  required 

height. 
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A portable  potassium  chromate  battery  is  shown  in  Fig.  417  ; it  has  been 
devised  by  Dr.  Spamer  and  made  by  R.  Galle,  Berlin.  Carbons  and  zincs  dip 
into  the  same  fluid,  consisting  of  potassium  bichromate,  water,  sulphuric  acid, 
and  mercury  sulphate.  Three  rows  of  cells  consisting  of  guttapercha,  placed  in 
a drawer,  as  shown  in  the  figure,  contain  the  fluid.  The  zincs  and  carbons 
belonging  to  these  three  rows  are  attached  to  three  frames,  each  frame  having 
ten  carbons  and  ten  zincs,  pointed  at  their  ends,  so  as  to  allow  the  acid  to 


Fig.  417. — Dr.  Spamer’s  Chromate  Battery. 
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run  off  more  easily.  They  are  coated  with  a varnish  that  will  resist  the  acid. 
Each  of  these  frames  can  be  moved  up  and  down  by  means  of  the  screws 
outside  the  case  shown  in  the  figure.  Only  those  frames  are  lowered  into  the 
acid  that  belong  to  the  cells  which  are  to  be  used.  Vertical  metal  pins  are 
fixed  on  all  the  zincs,  and  on  the  first  and  the  last  carbon,  and  by  means  of 
these  pins  any  number  of  cells  may  be  inserted  in  the  circuit  from  one  up  to 
thirty. 

In  the  front  drawer  are  placed  the  galvanometer,  the  commutator  c,  the 
clamps  for  the  electrodes  k z,  etc.  About  ten  cubic  centimetres  of  liquid  are 
required  for  each  cell.  After  use  the  frames  are  slowly  lifted  and  left  for  some 
minutes.  A cover  of  guttapercha  is  placed  over  the  three  rows  of  cells. 
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Leiter’s  Battery. — Leiter’s  movable  manganese  ore  battery  is  said  to 
be  cheap,  to  give  a sufficiently  strong  and  constant  current,  and  to  be  easily 
managed. 

One  of  the  cells  is  shown  in  Fig.  418.  The  cell  b b is  made  of  gutta- 
percha, and  contains  a guttapercha  cylinder  G z,  which  holds  the  zinc  rod. 
K is  the  carbon  block ; the  remaining  space  is  filled  with  manganese  ore  (man- 
ganese dioxide)  and  pieces  of  carbon.  A platinum  wire  p connects  the  carbon 


Cell.  Fig-  419- — Leiter’s  Battery. 


with  the  zinc  piece  s,  which  represents  one  of  the  poles  of  the  cell.  A solution 
of  sal-ammoniac  is  used.  The  manganese  ore  and  carbon  pieces  are  covered 
over  with  a layer  of  asphalte.  A number  of  cells  joined  up  to  form  a battery  are 
shown  in  Fig.  419. 

Galvano-Caustic  Apparatus.— We  shall  give  a description  of  one  more 
battery  which  is  of  great  value'  in  a particular  branch  of  medical  science,  viz.  in 
cauterising  by  electricity.  By  using  for  this  purpose  a heated  platinum  wire  loop, 
bleeding  is  almost  entirely  prevented,  and  parts  most  difficult  to  reach  can  be 

operated  on,  as  the  heat  is  more  local. 

Formerly  a red-hot  iron  had  to  be  introduced  into  the  part  to  be  cauterised, 
but  now  the  platinum  wire  is  inserted  while  cold,  and  is  made  hot  when  wanted 
for  operation  by  simply  making  contact. 
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Much  has  been  done  to  advance  this  branch  of  medical  science  by  A.  Mid- 
deldorpf.  It  will  be  seen  that  as  the  outer  circuit  of  these  batteries  is  a platinum 
loop  which  has  only  small  resistance,  it  is  advantageous  to  have  the  inner 


Fig.  420. — Galvano-Caustic  Apparatus. 


resistance  of  the  battery  also  only  slight.  Hence  the  battery  used  has  large  plates 
and  few  cells,  that  is  to  say,  the  cells  are  joined  up  in  parallel. 

An  apparatus  constructed  by  Leiter  for  the  purpose  is  shown  in  Fig  420. 
n Its  essential  parts  it  is  a modified  Bunsen 
battery  in  two  boxes.  The  box  k contains  the 
battery,  and  the  other  box  die  twa  acids 
(sulphuiic  and  nitric).  The  battery  vessel  t 
consists  of  guttapercha,  and  is  divided  into  two 
portions.  In  each  of  these  a flat  earthenware 
cell  IS  placed  to  hold  the  carbon  plate  and  nitric 
acid.  Outside  this  diaphragm  come  the  zinc 
plate  and  diluted  sulphuric  acid.  The  cells  are 
covered  by  means  of  a guttapercha  lid,  shown 
m ig-  42x-  i he  pole-clamps  of  the  battery  are  screwed  to  the  lid.  When  only 

clamiifT  cells  are  required 

h ^ “f  ‘hrough  Ihe  bent  glass 

tube  A by  means  of  the  mdiarultber  balls  p and  The  acid  is  removed  from 


l-ig.  421.— The  Battery  Lid. 
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the  cells  by  exhausting  the  acid  bottles.  More  recently  secondary  batteries  have 
largely  replaced  primary  ones  for  cauterising  purposes. 

Batteries  for  Blasting.— Batteries  intended  for  firing  blasting  charges 
for  military  purposes  and  engineering  have  to  fulfil  certain  conditions,  which 
have  been  described  at  length  by  Dr.  F.  Wachter  in  “ Die  Anwendung  des 
Elektricitat  fiir  militarische  Zwecke.” 

The  French  engineering  corps  make  use  of  a potassium  chromate  battery, 
which  is  represented  in  Fig.  422.  As  many  of  the  cells  as  may  be  required 
are  placed  in  a rectangular  box.  The  zinc  cylinders  surround  the  carbon 
blocks,  and  both  are  fixed  to  the  board,  which  is  capable  of  sliding  up  and  down 


Fig.  422. — Battery  for  Blasting. 


Fig.  423. — Battery  for  Blasting. 


the  iron  rods  fastened  to  the  box.  The  spring  s s forces  the  board  upwards, 
and  by  doing  so  lifts  the  plates  out  of  the  liquids.  Metal  strips  screwed  to  the 
board  connect  the  cells  in  series,  and  also  connect  the  series  with  the  + and 
the  — clamps  of  the  battery.  By  means  of  the  handle  b the  plates  can  be 
pushed  into  the  vessels,  and  at  the  same  time  the  circuit  closed. 

This  battery  does  well  enough  when  stationary,  but  does  not  answer  well 
for  field  service.  For  this  purpose  the  form  used  is  that  represented  in  Fig.  423. 
The  carbons  and  zincs  are  fastened  to  the  end  of  a perfectly  air-tight  box, 
closed  by  means  of  the  screw  s on  the  hinge  b,  acting  on  an  air-tight  lid. 
The  potassium  chromate  solution  fills  only  one-half  of  the  box.  To  c ^ge 
the  battery  it  is  placed  horizontally,  so  as  to  allow  the  liquid  to  come  into 

contact  with  the  plates.  . , , u w .-1, 

The  battery  represented  in  Fig.  424  has  been  sometimes  used  by  the  hrencli 

engineering  corps.  In  a small  cylinder  (4-3  inches  high  and  2-75 
diameter)  made  of  resinous  matter  not  acted  on  by  acids,  four  hollow  zm 
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cylinders  z are  fixed.  Inside  these  are  four  carbon  cylinders  c c.  The  metal 
connections  which  join  the  four  cells  in  series  are  also  within  the  resinous 
cylinder.  It  is  open  at  h to.  allow  the  acid  to  reach  the  plates,  and  at  q to  allow 
the  gases  and  air  to  escape,  xx^  are  the  poles  of  the  battery.  When  the 
battery  is  to  be  used,  it  is  placed  in  a guttapercha  vessel  z,  filled  with  the  liquid. 

To  avoid  the  transport  of  liquids  altogether,  Captain  Puddot  proposes  to  use 
a mixture  of  potassium  chromate  and  potassium  sulphate.  These  salts  can 
be  transported  in  a solid  state  and  dissolved  in  water  when  needed. 

Such  a battery  (containing  four  cells)  will  ignite  the  blasting  charge  at 


Fig.  424. — Battery  for  Blasting. 


a distance  of  400  metres  (a  quarter  of  a mile).  The  Leclanche  cell  is  also 
frequently  used  for  military  purposes. 

Recent  Improvements  in  Batteries. — Amongst  the  latest  improve- 
ments in  batteries  may  be  mentioned  various  arrangements  of  the  Daniell’s  cell 
to  produce  a constant  current  for  experimental  purposes,  by  Professor  Oliver 
Lodge,  and  improvements  in  Leclanch^’s  cell  for  telegraphic  purposes. 

A form  of  Leclanche’s  battery  has  been  adopted  which  is  like  the  ordinary 
trough  Daniell ; it  consists  of  a teak  trough,  divided  by  porous  partitions,  and 
coated  throughout  with  marine  glue.  Carbon  and  zinc  plates  are  placed  in 
alternate  cells.  The  carbon  plates  are  surrounded  with  the  mixture  of  coke 
and  binoxide  of  manganese ; the  zinc  plates  ^are  immersed  in  a solution  of 
sal-ammoniac.  The  plates  are  connected  with  each  other  in  pairs  by  means  of 
an  iron  wire,  which  is  welded  into  the  zinc  and  the  lead  top  of  the  carbon  plate. 
This  form  of  battery  thus  dispenses  entirely  with  the  glass  cells  j the  porous 
partitions  in  it  are  not  so  liable  to  crack  as  the  pots  in  the  previous  form,  and 
the  short  length  of  the  connecting  wire,  especially  if  thoroughly  well  protected, 
reduces  to  a minimum  any  danger  in  connection  with  it.  The  maintenance 
now  becomes  a very  simple  matter ; if  the  zincs  are  scraped  clean,  and  the 
solution  of  sal-ammoniac  renewed  every  three  months,  the  battery  will  remain 
in  action  for  years. 

The  latest  improvement  effected  by  Mons.  Leclanche  in  his  battery  has 
een  in  the  preparation  of  the  peroxide  of  manganese  and  carbon  mixture. 
A mixture  containing  40  per  cent,  of  peroxide  of  manganese,  55  per  cent,  of 
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carbon  taken  from  gas  retorts,  and  5 per  cent,  of  gum  lac  resin,  is  placed  in  a 
steel  mould  heated  to  100'’  C.,  and  subjected  to  hydraulic  pressure.  The  gum 
lac  resin  is  employed  to  consolidate  the  mixture.  The  result  is  that  a solid 
homogeneous  mass  is  produced,  whose  resistance  is  considerably  less  than  that 
of  the  mixture  first  employed. 

The  efforts  of  inventors  are  now  directed  to  diminish  the  necessity  for 
frequent  renewal  of  the  cells  of  the  batteries  in  common  use,  and  generally  to 
reduce  the  liability  to  disorder,  and  to  increase  the  durability.  The  plan  first 
adopted  by  Marie  Davy,  and  more  recently  by  Fuller,  of  causing  the  action  of 
the  battery  itself  to  produce  amalgamation  of  the  zinc,  has  been  adopted  in 
several  modified  forms,  of  which  those  by  Schanschieff  are  most  deserving  of 


mention. 

Schanschieff’s  Single-Liquid  Cell  is  a recent  invention,  intended  to 
furnish  a practical  cell  for  constant  use.  It  can  be  worked  either  open  or 
hermetically  sealed,  as  circumstances  require.  It  is  a simple  carbon  zinc  cell, 
excited  by  a special  mercurial  solution— the  positive  plate  (zinc)  being  placed 
between  two  negative  plates  (carbon).  The  cell  gives  a p.  d.  of  i'4  to  i 7 volt, 
the  variation  being  due  to  increase  or  decrease  of  resistance,  varying  with  the 
relative  positions  of  the  positive  and  negative  plates,  and  Uie  d^^^ity  of  the 
exciting  liquid.  Two  negative  plates  3"  x 4^',  and  one  positive  3"  x 4 excited 
by  30  cubic  inches  of  solution,  give  a current  of  7 ampere-hours.  The  quantity 
and  duration  of  the  current  are  solely  governed  by  the  size  of  the  plates  and  the 
cubic  contents  of  the  cell.  The  cell  derives  its  importance  from_  the  new 
exciting  liquid.  Sulphate  of  mercury  has  been  used  in  other  batteries,  in  Ae 
form  of  “ paste,”  but  the  current  generated  was  very  inconstant.  Schanschieff 
has  discovered  a process  by  which  the  basic  sulphate,  of  which  it  has  hitherto 
been  possible  to  dissolve  only  one  part  in  2,000  of  water,  can  be  readily  dis- 
solved one  part  in  three.  The  chemical  composition  of  the  resulting  solution 
produces  a constant  and  large  current  without  the  aid  of  any  depolarising 

The  action  of  the  cell  is  similar  to  that  of  the  Darnell  j no  ^ydroge 
evolved,  and  as  there  is  no  molecular  attraction  between  mercury  and  sulphuric 
acid  when  cold,  there  is  no  polarisation.  The  zincs  are 
automatically  by  the  mercury  which  is  precipitated  in  the  cell,  and  therefore 
is  no  local  aLion.  About  95  per  cent,  of  the  mercury  held  m the  solution  is 

recovered,  so  that  the  working  cost  of  the  cell  is  very  small.  , • • „ 

No  porous  pots  are  required  ; no  preparation  of  zincs,  carbons,  depolarisi  ^ 
paste  or  liquid,  and  no  handling  of  offensive  chemicals  is  necessary  ; the  exciting 
toW  I limpid  and  odourless,  and  the  cell  gives  no  fumes  These  advantage 
cLbined  with  the  great  simplicity  of  construction,  render  the  cell  of  the  greatest 

""^^""LhaSieff'^Recuperative  Battery  is  another  new  invention 
adapted  for  telegraphic,  telephonic,  and  bell  work.  It  consists  of  a negative 
plate  (carbon)  placed  in  a porous  pot,  charged  with  a depolarising  substance. 
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which  with  the  positive  plate  (zinc)  is  placed  in  an  outer  cell  containing  a 
mercurial  solution.  The  e.  m.  f.  of  the  cell  is  considerably  higher  than  that  of 
Leclanchd,  and  it  is  believed  its  life  will  be  as  long.  The  cell  is  recuperative, 
and  when  exhausted  can  easily  be  restored  to  its  original  energy  without  inter- 
fering with  its  work.  It  is  made  liquid-tight  in  unbreakable  cells,  so  that  it  is 
portable.  It  can  be  used  for  giving  light  when  it  is  only  required  for  a limited 
period  of  an  hour  or  so,  such  as  for  medical  purposes,  and  if  used  to  the  point 
of  polarisation,  recovers  itself  very  quickly. 

Local  Choice  of  Batteries. — Where  different  batteries  will  answer  a 
given  purpose  equally  well,  the  mere  fact  that  the  materials  for  one  kind  are 
nearer  at  hand  than  those,  of  other  kinds,  will  be  sufficient  to  establish  a prefer- 
ence. This  reason  often  accounts  for  the  local  use  of  particular  batteries  for 
telegraphic  purposes,  as  will  be. seen  from  the  following  list: 

In  England,  various  forms  of  Daniell’s,  Bunsen’s,  and  Leclanchd  batteries 
are  used  by  the  Telegraph  Department  of  the  Post  Office,  but  Fuller’s  Mercury 
Bichromate  Battery  bids  fair  to  be  largely  employed  in  the  future. 

In  France,  Leclanch^’s  battery  is  largely  employed,  and  is  gradually  sup- 
planting the  Marie  Davy  formerly  used.  But  the  Marie  Davy  is  still  preferred 
wherever  the  white  crystalline  bisulphate  of  mercury  can  be  readily  procured. 

In  Germany,  the  batteries  mainly  in  use  are  Meidinger’s  (Figs.  400  and  401), 
and  Siemens  and  Halske’s  (Fig.  398).  Both  of  these  are  modifications  of 
Daniell’s  battery.  But  as  in  every  form  of  gravity  battery  it  is  essential  that 
the  solutions  should  remain  undisturbed,  this  objection  is  causing  Meidinger’s 
to  give  place  to  Siemens  and  Halske’s  form.  These  cells  are  exceedingly  cheap, 
and  work  well  upon  circuits  offering  great  resistance.  They  are  universally  em- 
ployed at  the  stations  upon  the  Indo-European  line  between  London  and  Teheran. 

In  America,  Grove’s  battery  has  been  employed,  and  is  still  made  use  of  to 
a considerable  extent  on  the  main  wires  betv'een  the  leading  offices  but  it  is 
now  being  rapidly  pushed  aside  by  the  modification  of  Daniell’s  known  as  the 
Callaud  (Fig.  403),  which  is  much  used  in  France.  Although  this  is  purely  a 
gravity  battery,  if  frequently  examined  it  works  very  well ; but,  in  common 
with  all  its  class,  it  requires  very  careful  handling  and  treatment.  Other  modifi- 
cations of  the  Daniell  used  in  America  are  the  Lockwood  (Fig.  405)  and  the 
Baltimore,  having  a glass  tube  reaching  nearly  to  the  bottom  of  the  jar,  for  the 
purpose  of  supplying  copper  sulphate  when  required.  Another  battery  lately 
introduced  in  America  is  named  from  its  inventor,  the  Eagles  Battery.  The 
distinguishing  feature  in  this  is  that  the  containing  vessel  is  formed  of  lead,  which 
is  made  to  play  the  part  of  the  negative  plate,  zinc  being  as  usual  employed  for 
the  positive.  The  battery  is  said  to  give  very  fair  results. 

In  India,  the  Minotto  is  employed.  This  form  of  battery  is  well  suited  to 
^ ndia,  where  the  transit  ot  goods  is  slow  and  expensive,  for  the  copper  sulphate 
IS  an  article  of  commerce  manufactured  amongst  the  natives,  by  whom  it  is 
arge  y emp  oye  for  medicinal  purposes,  and  it  can  always  be  procured  at  very 
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CONSTITUENTS  AND  CONNECTIONS  OF  BATTERIES. 

Carbon. — It  is  seen  from  the  foregoing  description  of  the  principal 
cells  in  use  that  carbon  is  used  very  extensively.  Carbon  possesses  several 
important  properties  that  make  it  useful  as  an  electrode.  Its  porous  character 
enables  it  to  utilise  a large  surface  without  unwieldy  dimensions,  so  as  to  furnish 
many  points  of  contact  for  the  hydrogen  and  oxygen.  Again,  it  assists  de- 
polarisation to  use  a material  that  is  capable  of  condensing  or  absorbing 
oxygen  at  its  surface,  is  unaffected  by  acids,  and  conducts  electricity.  Of  all 
the  substances  we  know,  carbon  possesses  these  properties  to  the  greatest  extent. 


It  is  porous,  absorbs  gases  freely,  is  not  at  all  acted  upon  by  acids,  and  does 
not  offer  too  great  a resistance  to  the  passage  of  the  current. 

The  coke  which  is  deposited  on  the  inside  of  the  retorts  in  gas-works,  and 
sometimes  is  so  hard  as  to  give  off  sparks  when  struck  by  steel,  is  the  best  kind 
of  carbon.  As  it  is  very  difficult  to  obtain  coke  in  blocks  sufficiently  large,  it 
is  prepared  artificially.  Bunsen,  in  1842,  produced  what  he  called  “battery 
carbon  ” by  the  following  process  : He  took  two  parts  of  coke  and  one  part  of 
finely-divided  coal,  and  heated  the  mixture  till  no  gases  came  off.  The  mass 
thus  obtained  was,  of  course,  too  porous  ; it  was,  therefore,  soaked  in  treacle,  and 
then  again  heated  without  access  of  air,  the  process  being  repeated  until  the 
desired  density  had  been  reached.  Sprague  makes  his  carbons  by  mixing 
graphite  with  coal-tar  to  a paste,  drying  it  and  placing  it  in  a muffler  surrounded 
by  powdered  coal,  and  thus  exposing  it  to  a red  heat.  The  carbon  produced  in 
this  manner  is  also  too  porous,  and  has  to  be  soaked  either  in  treacle  or  sugar 
solution,  and  then  again  heated. 

Clamps. — Clamps  for  fastening  the  carbon  plates  or  cylinders  are  given  m 
Fig.  425  ; these,  however,  are  chiefly  intended  for  natural  carbon,  which  is  less 
brittle.  The  more  brittle  kinds  of  the  carbon  that  is  artificially  produced 
require  other  arrangements,  such  as  metal  bands,  metal  casts,  or  electrotype 

deposits. 
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The  Amalgamation  of  Zinc.— As  zinc  is  used  very  extensively  for 
electrodes,  we  shall  give  a few  hints  with  regard  to  its  amalgamation.  Mer- 
cury, which  may  have  been  used  for  other  purposes,  is  poured  into  a glass  or 
earthenware  vessel  until  it  reaches  about  the  middle  of  the  cylinder  or  plate  to 
be  amalgamated.  Hydrochloric  acid  is  added,  and  then  the  zinc  is  immersed. 
The  plate  or  cylinder  is  taken  out  and  placed  inverted  in  water.  The  amalgama- 
tion has  to  be  done  in  a stink-trap,  as  the  fumes  of  hydrochloric  acid  are  very 
troublesome.  Diluted  sulphuric  acid  (one  in  ten)  may  be  taken  instead  ; but  as 
sulphuric  acid  does  not  react  so  quickly,  a mere  dipping  into  the  mercury  is  not 
sufficient,  and  the  cylinder  has  to  be  left  for  a little  time  in  a vessel  containing 
sulphuric  acid  before  it  is  immersed  in  the  mercury.  Solutions  of  mercury  in 
aqua  regia  are  sometimes  used,  but  are  not  recommended. 

Platinised  Plates. — We  often  require  platinised  electrodes,  as,  for  instance, 
in  the  Smee  elements.  The  platinum  coating  gives  a rough  surface  to  the  plate, 
which  facilitates  the  removal  of  the  hydrogen  bubbles,  and  diminishes  polarisation, 
oxygen  being  absorbed  by  the  layers  of  platinum.  The  plate  to  be  covered  with 
it  is  immersed  in  a solution  obtained  by  dissolving  platinum  in  aqua  regia.  In 
the  same  solution  there  dips  a platinum  plate  connected  with  the  positive  plate 
of  a galvanic  battery,  the  negative  plate  of  which  is  connected  with  the  plate  to 
be  coated.  The  platinum  separates  out  in  a finely-divided  condition,  giving  to 
the  plate  the  rough  surface  described. 

The  Acids. — Of  the  acids  used  for  cells,  we  have  simply  to  consider 
sulphuric  and  nitric  acids,  as  we  have  already  shown  how  to  obtain  chromic  acid. 
Only  dilute  sulphuric  acid  is  used  ; eight  to  twelve  parts  of  acid  in  one  hundred 
parts  of  water.  The  acid  ought  to  be  poured  into  the  water,  and  the  solution 
ought  to  be  allowed  to  cool  before  it  is  used.  A.  d’Arsonval  has  given  some 
valuable  hints  regarding  the  use  of  impure  sulphuric  acid.  By  adding  ordinary 
oil,  four  to  five  cubic  centimetres  to  a litre  of  acid,  he  caused  the  formation  of  a 
compound  of  glycerine,  and  separated  out  the  impurities  of  the  acid,  such  as 
lead,  arsenic,  etc.,  in  the  form  of  soaps.  By  so  purifying  the  acid,  amalgamation 
of  the  zinc  is  facilitated,  and  the  dissolution  of  the  .zinc  by  local  action  during 
the  inactivity  of  the  cell  is  prevented.  A zinc  rod  immersed  in  ordinary  sulphuric 
acid  lost  I ‘5  ounces  in  eight  days,  whilst  another  zinc  rod  immersed  in  a mixture 
of  oil  and  sulphuric  acid  only  lost  0-05  ounce. 

Nitric  acid  is  used  concentrated,  as  we  have  pointed  out  already.  Sulphuric 
acid  is  sometimes  added  to  nitric  acid  which  has  been  in  use  for  some  time,  on 
account  of  its  affinity  for  water.  This  property  enables  it  to  withdraw  the  water 
from  the  nitric  acid,  and  it  is  clear  that  a better  utilisation  of  the  acid  is  obtained. 
But  we  ought  not  to  leave  out  of  consideration  the  fact  that  by  adding,  the 
sulphuric  acid  the  volume  will  be  increased  in  proportion,  causing  dilution  of 
the  nitric  acid  and  alteration  of  the  resistance  in  the  cell.  Schonbein  recom- 
mends for  iron  cells  nitric  acid,  of  which  one-third  consists  of  sulphuric 
acid.  Wigner  recommends  for  Grove  cells  two  parts  of  nitric  and  five  parts  of 
sulphuric  acid. 
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Manipulation  of  the  Battery. — The  number  of  cells  to  be  used,  and 
the  mode  of  joining  up,  whether  in  series,  parallel,  or  mixed,  depend  upon 
the  purposes  for  which  the  battery  is  to  be  employed.  This  has  been  pointed 
out  already  (page  119),  but  we  have  further  to  consider  the  placing  of  the 
battery,  and  the  best  way  of  making  and  breaking  the  circuit.  'I’he  battery 
ought  not  to  be  exposed  to  violent  changes  of  temperature,  rain,  etc. ; the 
different  vessels  are  best  placed  upon  earthenware  plates,  or,  better  still,  upon 
glass  rods,  so  as  to  be  easily  reached. 

To  fill  large  batteries,  Niaudet  recommends  a guttapercha  tube,  with  a flat 
mouthpiece  of  glass  at  one  end,  and  a leaden  plate  at  the  other  end  to  sink  the 
tube  to  the  bottom  of  the  vessel  from  which  the  acid  is  supplied.  The  flow  can 


be  regulated  and  stopped  by  the  pressure  of  the  fingers.  Siphons  and  small 
pumps  are  also  used  for  emptying  or  filling  the  cells.  A battery  that  is  not 
to  be  used  for  a time  ought  to  be  taken  to  pieces  after  use.  It  is  not  advisable 
to  allow  the  carbons  to  soak  in  water  when  the  battery  is  about  to  be  used, 
as  the  water  enters  the  pores  of  the  carbon  and  thus  dilutes  the  acid  ; if,  on  the 
other  hand,  the  battery  is  not  to  be  used  for  a considerable  length  of  time, 
carbons  and  porous  pots  ought  to  be  washed  well,  as  crystals  are  formed  which 
tend  to  destroy  these  materials,  especially  the  porous  pots. 

Batteries  for  electric  lighting  are  not  only  required  to  give  large  currents, 
but  also  to  be  constant  in  their  action.  Large  currents  may  be  obtained  by 
employing  chromate  of  potassium  cells,  but  the  current  furnished  by  them  does 
not  remain  constant  very  long.  To  remedy  this,  Chuto,  Camacho,  Hauck,  and 
others  have  devised  means  for  replenishing  the  acid  in  proportion  as  it  is  con- 
sumed. Hauck  arranges  the  cells  as  shown  in  Fig.  426.  The  acid  flows  drop 
by  drop  from  the  higher  vessel;  the  porous  cell  containing  the  zinc  occupies  the 
middle  of  the  cell,  and  the  spaces  between  the  carbon  plates  are  filled  with  pieces 


Thermo-Pil  es. 


447 


of  carbon.  According  to  Hauck,  twelve  cells  of  this  kind,  the  zincs  of  which 
are  5 ‘9  inches  wide  and  7^9  inches  high,  maintain  at  white  heat  for  hours  a 
platinum  wire  2y^  inches  long  by  o‘oi5  square  inch  section.  The  action  of 
the  battery  is  stopped  by  cutting  off  the  supply  of  acid,  and  allowing  water 
to  flow  through  the  cells,  to  prevent  the  formation  of  chrome  alum  crystals, 
which  would  stop  up  the  pores  of  the  carbon. 

THERMO-PILES. 

Economic  Value. — In  principle  the  generation  of  electricity  by  means  of 
difference  of  temperature  is  preferable  to  its  generation  by  means  of  galvanic 
batteries  or  electric  machines.  In  galvanic  cells,  zinc,  which  is  obtained  from 
the  zinc  ore  by  using  coal,  is  consumed.  Electric  machines,  as  a rule,  are 
driven  either  by  steam  or  gas,  both  of  which  receive  their  energy  indirectly  from 
coal.  In  thermo-electric  couples,  however,  the  stored  heat  of  the  coal  is  directly 
converted  into  the  energy  of  the  electric  current.  Nevertheless,  thermo-piles 
are  seldom  used  in  practice,  because  the  thermo-electric  couples  as  constructed 
at  present  are  capable  of  furnishing  only  very  weak  currents.  Antimony  and 
bismuth  were  first  used  for  the  construction  of  thermo-piles,  because  these  stand 
farthest  from  each  other  in  the  thermo-electric  series.  Bunsen  obtained  a more 


Fig.  427.— Markus’s  Thermo-Pile. 


powerful  couple  by  using  an  alloy,  viz.  copper  pyrites.  Although  such  a couple 
IS  certamiy  more  powerful  than  an  antimony-bismuth  one,  its  construction  is 
very  difficult,  owing  to  the  irregular  expansion  of  the  junctions  when  heated. 
By  melting  and  casting  the  copper  ore  into  the  desired  form  it  loses  its  natural 
structure,  and  the  e.  m.  f.  of  the  couples  is  considerably  diminished  thereby. 

ar  us  use  alloys  which  are  far  distant  in  the  thermo-electric  series,  and  also 
are  capable  of  bearing  high  temperatures.  The  thermo-pile  which  he  constructed 


448 


Electricity  in  the  Service  of  Man. 


in  1864-65  obtained  a prize  from  the  Vienna  Society  for  the  Promotion  of 
Science.  The  negative  metal  of  the  pile  is  an  alloy  similar  to  German  silver. 
It  consists  of  10  parts  of  copper  and  6 parts  of  zinc  and  nickel.  The  positive 
metal  consists  of  12  parts  of  antimony,  5 parts  of  zinc,  and  i part  of  bismuth. 
The  negative  metal  is  formed  into  blocks,  the  positive  into  three  bands  con- 
nected by  means  of  screws.  A number  of  such  couples  are  fastened  to  an  iron 
bar  a b (Fig.  427).  Mica  plates  are  placed  between  the  couples  and|  bar  in  order 


to  insulate  them.  The  iron  bar  ab  heated,  and  the  lower  ends  are  immersed 
in  water.  A battery  consisting  of  130  couples  is  capable  of  furnishing  i‘5  cubic 
inches  of  oxy-hydrogen  gas  per  minute,  or  of  maintaining  a platinum  wire  of 
0-0075  square  inches  in  cross  section  at  a red  heat.  The  E.  m.  f.  of  a couple  is 
equal  to  one-twentieth  of  that  of  a Daniell’s  cell.  The  resistance  in  the  pile  very 
soon  increases  considerably,  as  the  two  alloys  at  the  places  of  contact  become 
easily  oxidised. 

Clamond  and  Mure  used  for  their  thermo-pile  an  alloy  of  zinc  and  antimony, 
with  sheet  iron  as  the  second  metal.  Clamond’s  pile  consists  of  ten  couples 
as  shown  in  Fig.  428.  The  massive  pieces  a consist  of  an  alloy.  The  iron 
sheets  f are  fastened  with  one  end  to  the  inner  and  the  other  end  to  the  outer 
edges  of  the  pieces  a.  The  sheet  iron  plates  are  made  to  project  so  as  to  pre- 
sent a large  cooling  surface.  These  annular  couples  are  placed  upon  each 
other  and  insulated  from  each  other,  as  shown  in  Fig.  429.  The  pole  champs 
fastened  to  the  outside  of  the  battery  allow  the  joining  up  of  all  the  couples, 
either  in  series  or  in  groups  of  ten.  The  inner  junctions  i to  19.  filled  m with 
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asbestos  cement,  form  a hollow  cylindrical  space,  in  which  an  earthenware  tube 
provided  with  a number  of  small  holes  is  placed.  Gas  is  passed  through  this  tube, 
and  the  different  little  jets  heat  the  junctions  from  i to  19  (Fig.  428),  while  the 
junctions  2 to  20  are  cooled  by  the  air.  The  amount  of  gas  consumed  by 
a battery  containing  five  rings,  each  ring  consisting  of  ten  couples,  according 
to  Cazin,  is  6 cubic  feet  per  hour ; at  the  same  time  07  ounce  of  copper  is 
separated  by  the  pile.  The  Paris  Academy  received  from  Th.  du  Moncel  in 
May,  1879,  the  description  of  a 
form  of  the  Clamond  pile  consider- 
ably improved,  as  shown  in  Fig. 

430.  The  pile  is  built  over  a fire- 
place for  coke.  Before  the  gases 
and  heat  can  escape  through  the 
chimney  a,  they  must  pass  through 
TOP.  The  elements  are  arranged 
outside  the  cylinder  p,  the  iron 
sheets  of  which  join  the  vertically- 
arranged  copper  sheets  d.  The 
latter  serve  to  produce  greater  cool- 
ing at  the  outer  junctions.  Ac- 
cording to  Cazin,  the  height  of  his 
thermo-pile  was  98  inches  and  the 
diameter  39  inches.  It  consisted  of 
■ two  separate  piles,  each  of  which 
contained  30  batteries  of  100  couples. 

Each  of  these  piles  furnished  a 
current  which  was  capable  of  pro- 
ducing a voltaic  arc  equal  to  40 
Carcel  burners.  The  e.  m.  f.  of 
such  a pile  is  109  volts,  with  a 

resistance  of  15-5  ohms.  Both  piles  together  are  equal  to  121  newly-filled 
Bunsen  cells,  and  consume  22  lbs.  of  coke  per  hour. 

■ Thermo-Couple — Fr.  Noe,  of  Vienna,  constructed  his  couple 

m the  following  way  : A copper  pin  (or  iron  coated  with  copper)  is  placed  in  a 

JirZ  TT  case;  the  larger  case  receives  German  silver 

soldered  IS  intended  to  avoid  the  junction  being  screwed  or 

to  wh^eV  r ^ j'^"‘^tion  is  formed  by  a brass  or  copper  strip, 

Lntt'  ^ ‘his  kind,  and  the 

The  ^ Phe,  are  shown  in  Fig.  431. 

iorm  Th!  f ^ Pape^^ 

Xiend  T/k  heat  the  outer  junctions  are 

.uffic^ntly  cooled  by  radiation  from  the  vertical  strips.  When  heated  to  a high 

A von  wT;  h f f '"hh  the  lower  ends  in  water. 

A von  Waltenhofen  gave  the  following  account  of  such  a pile  : 


Fig.  430- — Improved  Clamond’s  Pile. 
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“Imagine  a pile  consisting  of  128  couples  divided  into  four  groups  each. 
Each  group  represents  an  e.  m.  f.  equal  to  that  of  two  Daniell’s  cells,  with 


jTjg.  ,^31. — Noe's  Thermo-Couple. 


a resistance  of  o‘8  ohm 
Daniell’s  cells,  with  a 


and  four  groups  joined  in  series  are  equal  to  eight 
lotal  resistance  of  3 2 ohms.  By  joining  two  groups 
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parallel  and  these  double  groups  in  series,  an  e.  m.  f.  of  four  Daniell’s 
cefls,  with  a total  resistance  of  o‘8,  is  obtained.  By  joining  four  groups 

parallel,  the  e.  m.  f.  obtained  is  equal  to  two  Daniell’s  cells,  with  a resistance 
of  0-2  ohm. 

Hauck’s  Thermopile.— The  pile  shown  in  Fig.  432  is  constructed  by 
W.  Ph.  Hauck.  The  E.  m.  f.  of  a single  couple  is  equal  to  o-i  Daniell’s  cell, 
and  the  resistance  o'o2  ohm.  Thirty  couples  are  capable  of  making  a platinum 
wire  I -2  inches  long  red-hot.  The  piles  are  constructed  in  different  sizes ; 
two  or  three  are  placed  on  a frame,  and  are  very  useful  for  school  experiments 
and  electroplating. 

SECONDARY  BATTERIES  {ACCUMULATORS). 

General  Principles. — By  an  electric  accumulator  is  meant  an  apparatus 
for  storing  electric  energy.  We  might  consider  the  prime  conductor  of  an 
electrical  machine  to  answer  this  definition,  and  still  more  so  a Leyden  jar  or 
condenser.  The  term  is  now  applied  only  to  contrivances  which,  receiving 
energy  from  electric  currents,  store  it  in  large  quantities  in  such  a form  that  they 
can  again  deliver  it  up  as  electric  current  energy.  Such  contrivances,  therefore, 
serve  a purpose  of  very  great  practical  importance.  Leyden  jars  would  not  at  all 
answer  this  end,  for  only  small  quantities  of  electric  energy  can  be  stored  in  them, 
and  even  these  small  quantities  are  not  entirely  retained.  The  electric  energy 
of  the  current  produced  by  dynamos,  primary  batteries,  and  thermopiles  is  much 
more  easily  stored  than  that  produced  by  frictional  or  statical  induction  machines. 
In  all  galvanic  cells  the  combination  of  substances  constituting  the  electrodes 
and  electrolytes,  no  matter  how  varied  these  substances  may  be,  will  be  liable  to 
changes  whenever  the  circuit  is  closed.  The  physical  alterations  which  the 
electrodes  undergo  we  have  already  considered  under  the  head  of  polarisation  of 
electrodes.  Let  us  refer  for  a moment  to  Grove’s  gas  battery,  in  illustration  of 
this  part  of  our  subject.  page  104.)  If  we  pass  a current  by  two  platinum 
plates  through  water  in  a voltameter,  we  decompose  the  latter,  and  have  oxygen 
coating  the  positive  electrode,  and  hydrogen  the  negative  electrode.  If  now  the 
two  electrodes  of  the  voltameter  be  connected,  we  have  a cell  consisting  of 
hydrogen  and  oxygen  and  water  in  another  circuit.  A current  will  pass 
through  this  circuit  as  long  as  there  are  oxygen  and  hydrogen  at  the  platinum 
plates.  By  passing  the  current  through  the  voltameter  a physical  change  of  the 
electrodes  has  been  brought  about,  so  as  to  convert  the  voltameter  itself  into  a 
galvanic  cell.  This  second  cell  then  owes  its  existence  to  the  first.  Therefore, 
the  first  cell,  or  rather  cells  (for  several  cells  are  required  for  the  decomposition 
of  water),  are  called  “ primary.”  The  second  cell,  or  cells,  are  called 
“ secondary.”  The  primary  battery  gives  out  a current  of  electricity,  and  the 
secondary  acquires  a condition  which  gives  it  also  in  turn  the  power  of  producing 
an  electric  current. 

1 he  process  seems  really  to  represent  a storage  of  electricity.  The  electricity 
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conducted  into  the  voltameter  from  the  primary  cell  can  be  got  out  again 
from  the  voltameter.  The  storage  there  is  not  the  same  as  in  the  Leyden  jar  6r 
condenser,  but  is  a conversion  of  electrical  energy  into  chemical  energy,  which 
may  be  reconverted  into  electrical  energy.  The  primary  current  separated  hydrogen 
and  oxygen  from  each  other,  and  stored  them  on  the  electrodes;  in  the  secondary 
cell  oxygen  and  hydrogen  unite  again,  the  energy  of  chemical  separation  dis- 
appears, and  electric  energy  again  appears.  Properly  speaking,  then,  the  secondary 
cell  is  not  an  apparatus  for  storing  electricity,  as  electricity  simply,  but  an 
apparatus  by  means  of  which  electrical  energy  is  converted  into  chemical  energy, 
which  by  proper  arrangements  can  be  turned  back  into  electric  energy.  On 
this  ground,  therefore,  many  consider  that  the  term  accumulator  is  not  altogether 


an  appropriate  one  for  these  secondary  cells. 

We  have  now  to  consider  which  would  be  the  best  way  to  utilise  the  process 
for  practical  purposes.  The  simple  voltameter,  i.e.  two  platinum  plates  in 
acidulated  water,  would  not  be  easily  available  for  practical  purposes.  Such  a 
secondary  cell  would  last  only  for  a very  short  time  ; in  other  words, 
the  voltameter  is  not  capable  of  storing  large  quantities  of  electrical  energy 
in  form  of  the  chemical  energy  due  to  separation.  The  electrodes,  how- 
ever, may  not  only  undergo  physical  changes,  they  may  also  be  chemically 
changed  by  oxidation  or  reduction.  When  this  is  the  case,  and  the  elec- 
trodes are  connected,  we  have  a secondary  cell  that  will  furnish  us  with 
current  as  long  as  the  oxygen  of  the  oxidised  electrode  lasts.  It  is  on 
this  principle  that  the  secondary  cells  in  use  at  present  have  been 
constructed. 

History  of  Secondary  Cells.— Before  we  consider  the  secondary 
cells  themselves,  it  will  be  useful  to  sketch  briefly  their  history.  Gautherot 
in  1802  observed  that  during  electrolysis  the  platinum  wires  which  served  as 
electrodes  became  polarised,  and  that  by  the  absorption  of  oxygen  and  hydrogen 
they  became  electrically  different.  By  connecting  the  two  electrodes  he  obtained 


a secondary  current. 

A short  time  after  (1803)  J.  W.  Ritter  constructed  the  first  secondary  battery. 
Discs  of  the  same  metal,  having  moistened  pasteboards  between  them,  were 
arranged  in  the  same  manner  as  Volta’s  pile,  and  their  poles  were  connected  to 
the  poles  of  a Volta’s  pile.  When  the  current  of  Volta’s  pile  was  allowed  to  pass 
through  the  secondary  battery  for  some  time,  the  battery  assumed  the  properties 
of  a pile.  The  metal  plate  of  the  secondary  battery,  which  was  connected  with 
the  positive  pole  of  Volta’s  pile,  became  a positive  pole,  and  the  plate  connected 
with  the  negative  pole  became  a negative  pole.  Hence  through  the  closed 
circuit  of  the  secondary  battery  a current  flowed  in  the  opposite  direction  to  that 
of  the  primary  current.  Although  Ritter  was  well  aware  of  the  importance  of 
his  experiments,  he  did  not  follow  them  up  at  the  time,  for  the  simple  reason 

that  he  had  not  the  means. 

It  was  not  until  after  G.  Plantd’s  extensive  investigations  that  the  con- 
struction of  secondary  batteries  was  completely  achieved.  In  the  Comptes 
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Rendus  of  the  French  Academy  appears  one  of  the  earlier  formal  accounts  of 
Plante’s  labours,  and  from  that  time  various  notices  of  his  work  are  to  be 
found  in  the  scientific  publications.  In  1879  he  published  a book  entitled 
Recherches  stir  P£lectriciii,*  which  contains  a full  account  of  all  that  he  has 
done.  In  an  article  written  by  Kareis  {Zeitschrift  des  Wiener  electrotechnischen 
Vereines)  he  says  : “ When  we  remember  that  the  electricians  of  the  present  day 
have  endeavoured  to  make  practical  use  of  the  energy  stored  up  in  the 
accumulators,  it  becomes  difficult  to  believe  that  the  originator  did  not  entertain 
similar  intentions.  We  are  so  accustomed  to  make  practical  use  of  every  new 
discovery  for  our  immediate  and  personal  benefit,  that  we  cannot  help  having  a 
very  high  regard  for  men  who  are  willing  to  leave  the  practical  utilisation  of  their 
inventions  to  others.  Such  a man  was  Gaston  Plantd.  Whoever  enters  his 
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laboratory  in  the  Rue  des  Tournelles  finds  that  here  science  is  neither  the 
milch-cow  nor  the  maid-of-all-work  \ she  is  a companion  that  goes  hand  in  hand 
with  her  master,  reverenced  by  him  on  the  one  hand,  and  aiding  him  in  all 
his  endeavours  on  the  other.” 

Plante’s  Cell.— The  principle  which  Plantd  followed  in  the  construc- 
tion of  his  secondary  cell  is  simply  the  chemical  conversion  of  the  electrodes 
by  means  of  a current.  Numerous  experiments  proved  that  the  best  metal 
for  this  purpose  was  lead.  Two  lead  plates  (Fig  433),  each  0-046  inch  thick, 
furnished  with  a conducting  strip,  and  insulated  by  means  of  indiarubber 
bands  (0-2  inch),  are  laid  upon  each  other  and  then  rolled  up  into  a cylinder, 
which  IS  held  in  position  by  means  of  an  ebonite  cross.  The  cylinder  is  placed 
m a glass  or  guttapercha  vessel  containing  diluted  sulphuric  acid  (one  part  in 
ten).  The  lid  of  the  vessel  has  several  openings  for  the  passage  of  the  con- 
cuctmg  wire  and  to  allow  the  escape  of  gases.  Two  vertical  metal  bars  a a 
(hig.  434)  are  frequently  attached  to  the  lid,  and  are  connected  by  a platinum 
wire  F,  which  can  be  made  red-hot  by  discharging  the  secondary  cell.  The 
bands  G and  h are  in  connection  with  the  metal  bands  m'  and  m.  m'  is 
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connected  with  a on  the  left,  and  m is  connected  with  a through  the  spring  r on 
the  right.  When  b is  screwed  down,  h is  also  connected  with  a.  To  charge 
the  secondary  cell  two  Bunsen  cells  are  sufficient.  The  Bunsen  cells 

are  joined  parallel  with  the  secondary  cell,  when  b is  screwed  down,  and 
the  current  of  all  the  cells  will  pass  through  the  wire  f.  When  the  secondary 
cell  is  charged  the  following  changes  occur  : The  electric  current  decomposes 
the  water,  and  the  oxygen  separates  out  at  the  positive  leaden  plate,  and  the 

hydrogen  at  the  negative  leaden 
plate.  The  positive  leaden  plate 
becomes  oxidised  and  receives 
a brown  coating  of  lead  dioxide 
whilst  the  negative  leaden  plate  re- 
mains bright  and  ' receives  only 
hydrogen  gas.  If  now  the  two 
plates  be  connected  by  means  of 
a wire,  a current  will  circulate 
through  the  system,  due  to  the 
production  of  a cell  consist- 
ing of  lead  dioxide,  lead,  and 
diluted  sulphuric  acid.  The  cur- 
rent in  this  cell  will  have  the 
opposite  direction  to  the  primary 
current,  and  will  cause  the  lead 
oxide  to  be  reconverted  into  me- 
tallic lead.  When  the  reconver- 
sion is  at  an  end  the  current  ceases, 
and  the  secondary  cell  is  then 
said  to  be  discharged.  The  re- 
action of  the  sulphuric  acid  in  the 
secondary  element  is  of  great  im- 
Fig.  434. — The  Plante  Element.  portance.  The  sulphuric  acid  com- 

bines with  the  lead  to  form  lead 
sulphate,  a compound  which  is  very  insoluble,  and  which  covers  the  leaden  plates 
with  a white  layer,  thus  preventing  the  lead  from  further  corrosion.  The  current 
decomposes  the  lead  sulphate,  forming  lead  dioxide  at  the  positive  leaden  plate, 
and  lead  in  a spongy  form  at  the  negative  leaden  plate.  The  production  of  the 
spongy  form  of  lead  increases  the  surface,  and  consequently  the  effect  of  the 
plates.  By  repeating  the  process  of  charging  and  discharging  the  secondary 
cell  the  spongy  mass  will  be  increased  through  the  action  of  the  sulphuric 
acid,  and,  further,  when  the  secondary  cell  is  charged  the  upper  layer  of 
the  lead  dioxide  will  be  reconverted  into  lead  sulphate,  which  w’ill  prevent  the 
further  decomposition  of  the  lead  dioxide,  and  thus  allow  the  cell  to  keep 

its  charge  for  a greater  length  of  time.  _ 

In  order  to  completely  charge  a newly-constructed  Plante’s  cell  it  is  not 
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sufficient  to  allow  the  primary  current  to  pass  through  it  for  a considerable 
length  of  time;  for  as  soon  as  the  first  layer  of  lead  dioxide  is  formed,  the  lead 
beneath  it  will  be  protected  from  the  action  of  the  oxygen.  A short  time  after 
passing  the  primary  current  a brisk  evolution  of  gas  takes  place,  and  if  the 
secondary  cell  be  closed  the  oxidised  lead  will  be  again  reduced,  and  the  second 
electrode  will  become  oxidised,  thus  causing  both  electrodes  to  have  spongy  sur- 
faces. The  primary  current  will  produce  a greater  amount  of  lead  dioxide  when 
allowed  to  pass  through  the  secondary  cell  again.  We  observe  that  the 
brown  colour  of  the  oxidised  lead  becomes  lighter,  until  it  appears  almost  white, 
when  a charged  secondary  cell  is  left  for  some  time  in  the  unclosed  circuit.  The 
cause  of  this  alteration  is  due  to  the  action  of  the  sulphuric  acid.  It  turns  some 
of  the  lead  dioxide  into  lead  sulphate,  which  has  a white  colour,  and  which  by 
mixing  with  the  brown  dioxide  causes  it  to  assume  a lighter  colour.  At  the 
next  reduction  the  lead  sulphate  is  also  converted  into  lead,  which  adheres  in 
grains  on  the  surface  of  the  plates.  This  will  explain  why  a secondary  cell  does 
not  attain  its  full  storage  capacity  after  its  first  charge.  In  order  to  prepare  the 
battery  for  use,  and  to  bring  it  more  rapidly  into  the  condition  it  would  other- 
wise arrive  at  after  prolonged  use,  it  is  first  repeatedly  charged  alternately  in 
opposite  directions,  then  charged  and  allowed  to  stand  for  some  time ; then  dis- 
charged and  charged  again.  According  to  Plante,  a secondary  cell  should  be 
charged  thus  : The  primary  current  is  allowed  to  pass  through  it  for  about  a 
quarter  of  an  hour  ; it  is  then  discharged.  The  current  now  passes  through  in 
the  opposite  direction  a little  longer ; it  is  again  discharged,  and  so  on.  When 
the  time  has  been  increased  to  two  hours,  it  is  left  during  the  night  and  dis- 
charged the  next  day.  It  is  then  charged  once  more,  and  left  for  about  eight 
days.  After  this  somewhat  lengthened  process  has  been  gone  through  once, 
the  apparatus  need  only  be  charged  once  when  wanted.  After  discharging  a 
secondary  cell,  we  find  that  if  we  leave  it  for  some  time  it  will  again  give  a 
current.  This  phenomenon  will  be  most  observable  when  the  first  discharge  is 
very  powerful.  This  is  due  to  the  fact  that  during  the  discharge  the  current 
passing  through  the  liquid  will  decompose  it  into  its  constituents,  separating  the 
hydrogen  at  the  lead  dioxide  plates,  and  oxygen  at  the  leaden  plate ; the  oxidised 
lead  will  become  reduced  by  the  hydrogen,  and  the  lead  will  become  oxidised 
by  the  oxygen,  i.e.  the  two  plates  become  polarised.  The  polarisation  thus 
caused  becomes  weaker  and  weaker  until  it  ceases  altogether,  the  two  plates 
being  brought  to  the  same  condition. 

Methods  of  Joining.— Secondary  cells  can  be  joined  up  both  in  series  and 
m parallel  order.  Fig.  435  represents  such  a battery,  consisting  of  twenty 
cells.  The  commutator  consists  of  the  wooden  beam  c c,  flanked  with  copper 
bands  which  are  pressed  by  the  springs  r r.  The  front  springs  are  connected 
with  all  the  poles  of  one  kind,  and  the  back  springs  with  all  the  opposite  poles. 
In  this  position  of  the  commutator  the  cells  are  joined  parallel,  thus  representing 
one  cell  having  plates  of  large  dimensions.  Each  cell  of  the  copper  bands  is 
connected  with  a clamp  g,  through  which  a platinum  wire  runs,  and  which  can 
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be  made  to  glow  for  a short  time.  When  the  commutator  is  turned  through 
90  by  means  of  the  knob  b,  the  metal  pins  fastened  to  the  beam  c c will  come 
under  springs  r r.  The  opposite  metal  pins  are  then  connected  with  each 
other,  and  when  the  commutator  assumes  this  position  the  cells  are  joined  in 
series.  The  wires  from  the  poles  of  the  battery  are  connected  with  the  clamps 
T T,  between  which  a platinum  wire  runs,  which,  when  of  sufficiently  small  cross 
section,  will  be  maintained  at  white  heat. 

By  means  of  secondary  batteries  a high  potential  is  obtained.  With  two 
Bunsen  cells  and  a secondary  battery,  the  same  effect  may  be  secured  as  with  a 
large  battery  consisting  of  many  Bunsen  cells.  Numerous  experiments  require 


Fig.  435. — The  Plants  Battery. 


a current  of  high  potential,  which  can  only  be  obtained  by  a battery  of  many 
t:ells. 

Such  a battery  of  secondary  cells,  when  once  arranged,  gives  but  little  trouble, 
except  to  see  that  the  secondary  cells  are  always  joined  in  parallel  order  whilst 
being  charged. 

Power  of  Secondary  Batteries. — Two  Bunsen  cells  are  sufficient  to 
charge  twenty  secondary  cells,  having  the  same  effect  as  thirty  Bunsen  cells ; but 
a secondary  battery  consisting  of  twenty  cells  which  have  had  a current  from 
two  Bunsen  cells  passing  through  them  for  one  hour,  cannot  therefore  give  a 
current  for  one  hour  equal  to  that  of  thirty  Bunsen  cells.  To  obtain  this  result, 
the  two  cells  would  be  required  to  supply  a current  for  fifteen  hours,  and  indeed 
for  a longer  time  than  this,  as  the  conversion  of  energy  is  always  attended  by 
loss.  According  to  the  experiments  made  by  Plants,  only  nine-tenths  of  the 
energy  is  returned.  The  amount  of  charge  which  a secondary  cell  possesses 
corresponds  to  the  quantity  of  matter  separated  by  electrolysis,  which  again  is 
proportional  to  the  work  that  the  current  is  capable  of  doing — in  other  words, 
proportional  to  the  quantity  of  zinc  dissolved  in  the  primary  cell.  The  amount 
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F'5-  436- — Large  Plante  Battery. 
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of  work  to  be  got  from  a secondary  battery  must  therefore  be  less  than  the 
amount  of  work  put  into  it,  as  the  conversion  of  one  form  of  energy  into  another 
cannot  be  brought  about  without  loss. 

Plantd  constructed  batteries  containing  as  many  as  800  cells  for  his  experi- 
mental investigations.  With  a battery  containing  200  cells  he  produced  a 


Fig.  438. — Experiment  with  Larger  Battery. 


phenomenon  similar  to  that  ofball  lightning  (Fig.  437)-  ^ '"^^sel  containing 

salt  water,  or  acidulated  water,  the  negative  electrode  was  immersed,  and  the 
positive  was  made  to  approach  the  liquid ; when  a certain  distance  was  reached 
a luminous  ball  of  vapour  was  formed,  spinning  quickly  round,  and  becoming 
gradually  flattened.  This  phenomenon  was  accompanied  with  a considerable 
Lise.  By  using  a large  number  of  cells,  and  by  allowing  the  negative  e ectrode 
to  dip  into  a vessel  containing  salt  water,  and  bringing  the  positive  e ectro  e 
near  it,  Plante  obtained  a sheaf  of  glowing  balls.  The  phenomenon  produced, 
which  is  represented  in  Fig.  438,  was  compared  to  the  formation  of  breakers  by 

a spring  tide. 


Secondary  Batteries. 


459 


Special  Applications  of  Plante  Batteries. — Fig.  439  represents  the 
apparatus  known  as  the  “ briquet  de  Saturne,”  which  is  used  for  lighting  candles 
and  lamps.  It  consists  of  a little  mahogany  box  on  the  front  - of  which  a little 
candle  is  fixed,  and  above  it  a fine  platinum  wire  is  stretched.  Inside  the  box 
there  is  a secondary  cell,  the  current  of  which  passes  the  platinum  wire,  causing 
it  to  glow  whenever  contact  is  made  by  means  of  the  spring  t.  The  clamps  c 
are  used  to  receive  the  wires  from  the  primary  or  charging  battery. 


Fig-  439- — Briquet  de  Saturne. 


Glass  Etching  by  Electricity.  — Glass  can  be  etched  by  means  of 
electricity  (Fig.  440).  The  plate  to  be  etched  is  put  into  a flat  vessel  which  is 
connected  with  the  positive  pole  of  the  secondary  battery.  The  plate  is  covered 
with  a concentrated  solution  of  saltpetre,  and  is  then  written  upon  with  the 
negative  electrode,  which  is  insulated  by  means  of  a glass  handle. 

Plante’s  Rheostat— By  means  of  accumulators,  electricity  of  low  poten- 
tia  canbe  converted  into  electricity  of  high  potential;  but  still  higher  poten- 
tial may  be  obtained  by  means  of  the  rheostat  constructed  by  Plante  (Fig. 

several  plates  consist  of  mica  or  guttapercha,  having  tinfoil  on  both 
sides.  About  eighty  of  these  plates  are  placed  in  a frame  and  carefully  insulated 
rom  eac  other.  The  commutator  is  one  of  the  ebonite  cylinder  form.  During 
tec  arging  the  commutator  is  so  arranged  that  all  the  plates  are  joined  in 
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parallel  order,  and  connected  with  the  poles  ot  a secondary  battery ; during 
discharge  the  plates  are  placed  in  series.  Plante  connected  the  poles  of  this 
apparatus  with  a secondary  battery  consisting  of  800  cells,  which  had  been 


Fig.  441. — The  Rheostatic  Machine. 


Fig.  442. — De  M^ritens’  Secondary  Cell. 


charged  for  several  days  with  two  Bunsen  cells,  and  he  obtained  a series  of 
sparks  exactly  like  those  from  a.  condenser  connected  with  an  electrical 
machine. 

Stimulated  by  Plantd’s  experiments,  many  electricians  have  taken  up  this 
subject,  and  endeavoured  to  improve  secondary  cells  in  different  ways  : (i)  by 
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enlarging  the  surface  of  the  two  leaden  plates ; (2)  by  properly  preparing  the 
leaden  plates  so  as  to  shorten  the  process  of  charging  for  the  first  time  ; (3)  by 
using  other  metals  instead  of  lead  in  order  to  diminish  the  weight  of  the 
elements. 

De  Meritens’  and  Similar  Secondary  Cells. — To  give  as  much  sur- 
face as  possible  to  the  leaden  plates,  De  Mdritens  uses  leaden  plates  one-twelfth 
inch  thick,  which  he  folds,  as  shown  in  Fig.  442,  so  that  at  one  fold  the  surfaces 
of  the  lead  bend  into  contact,  while  at  the  alternate  folds  a c e g they  leave  spaces 
b d f h,  which  are  filled  with  lead  shot.  The  strip  p connects  the  whole  plate. 
Two  such  plates  are  placed  in  a vessel  of  guttapercha  filled  with  diluted  sulphuric 


Fig.  443. — Kabath’s  Secondary  Cell. 


acid,  the  plates  being  so  placed  that  their  open  ends  come  uppermost.  Sellon 
and  Volckmar  make  use  of  perforated  lead  plates,  the  openings  of  which  are 
filled  with  spongy  lead.  Changy  places  a porous  cell  in  a leaden  vessel,  and  fills 
the  intervening  spaces  with  sheet  lead.  Kabath’s  cell  consists  of  straight 
and  waved  lead  strips,  o'oo4  inch  thick,  arranged  alternately  and  held  together 
by  perforated  plates  (Fig.  443).  In  this  manner  plates  three  or  three  and  a half 
inches  wide  are  formed,  offering  a fairly  long  surface  to  the  fluid.  Each  plate 
consists  of  80  to  100  leaden  bands,  and  is  connected  with  a conducting  wire. 
Kabath  arranges  twelve  of  these  plates  vertically  to  form  an  accumulator.  The 
plates  are  joined  alternately  with  the  one  pole  and  with  the  other.  In  front  of 
both  the  first  and  the  last  plate  a massive  leaden  plate  is  placed.  The  containing 
vessel  is  made  of  wood  coated  with  lead,  the  latter  being  autonomously  soldered 
so  that  no  foreign  metal  is  introduced. 

Faure’s  Secondary  Battery. — Of  those  cells  in  which  the  process  of 
charging  is  shortened,  we  have  to  name  in  the  first  place  that  constructed  by 


462 


Electricity  in  the  Service  of  Man. 


Faure,  which  has  attracted  much  attention  and  has  met  with  considerable  suc- 
cess. It  consists  of  two  leaden  strips,  one  of  them  24  inches  long  by  0^04  inch 
thick,  and  the  other  16  inches  long  by  o‘o2  inch  thick.  It  is  manifest  that  the 
“storage  capacity”  of  such  a battery  will  depend  largely  upon  the  thickness  of 
the  layers  of  dioxide  and  of  spongy  metallic  lead  which  are  formed  on  its  plates, 
for  the  thicker  these  layers  the  more  chemical  action  will  they  develop  in 
being  reduced  to  sulphate,  and  the  more  chemical  action  will  they  absorb  in 

being  changed  back  again  into  oxide  and 
metal  resf>ectively.  Hence  the  repeated  re- 
versed charging  employed  by  Plante  in  pre- 
paring his  cells. 

A very  simple  and  ingenious  method  of 
saving  the  loss  of  time  and  energy  involved 
in  this  preparation  is  the  characteristic  fea- 
ture of  the  cell  devised  by  M.  Camille  Faure. 
He  coats  both  plates  before  rolling  them  up 
with  a paste  of  red  oxide  of  lead  (minium), 
made  into  a paste  by  diluted  sulphuric  acid. 
The  large  plate  receives  2 lbs.,  the  small 
plate  I lb.  The  minium  is  then  covered 
with  parchment,  and  the  whole  covered  over 
with  felt.  It  is  placed  in  a cylindrical  leaden 
vessel,  having  its  inside  coated  with  minium 
and  felt.  Such  a cell  weighs  19  lbs.  with- 
out the  liquid.  The  form  which  Reynier 
has  given  to  the  Faure  cell  is  shown  in  Fig. 
444.  The  leaden  vessel  is  replaced  by  a 
glass  cylinder,  and  the  felt  by  a texture 
which  is  not  destroyed  so  quickly.  As  soon 
Ffg.  444.— The  Faure  Cell.  plates  coated  with  minium  are  im- 

mersed in  the  diluted  sulphuric  acid,  the 
minium  is  converted  into  lead  dioxide  and  lead  sulphate.  The  current  has  now 
only  to  complete  the  formation  of  lead  dioxide  on  the  one  plate,  and  to  reduce 
the  compounds  of  lead  on  the  other.  According  to  Uppenborn,  a Faure’s  cell 
had  an  e.  m.  f.  of  two  volts  and  weighed  55  pounds.  With  three  Siemens’ 
machines  (model  D2)  150  cells  were  charged  in  ten  hours ; if  left  unused  they 
lost  I '5  to  2 per  cent,  per  day. 

On  the  first  action  of  the  charging  current  the  sulphate  of  lead  on  one  plate 
is  reducible  to  a sponge  of  metallic  lead,  while  that  on  the  other  is  oxidised  into 
peroxide.  This  is  the  only  difference  between  the  “ secondary  battery  ” of  Plante 
and  the  “ storage  battery  ” of  Faure.  Both  operate  on  the  same  principle  and  in 
the  same  way,  with  probably  some  considerable  improvement  in  efficiency,  i.e. 
capacity,  in  the  Faure  arrangement.  Both  batteries  were  frequently  made  in  the 
form  of  numerous  flat  plates  covered  with  some  woven  fabric,  and  packed  near 
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together  in  a rectangular  box  filled  with  dilute  acid.  The  sole  novelty  in  the 
Faure  device  was  in  the  use  of  the  porous  coating  of  decomposable  substance,  by 
which  a thick  layer  of  active  material  can  readily  be  obtained  on  both  plates  of 
the  battery.  The  Faure  cells,  as  they  were  constructed  for  industrial  use,  were 
rectangular  in  shape,  and  were  arranged  in  rectangular  boxes  of  wood  impreg- 
nated and  heavily  coated  with  an  asphalte  varnish,  which  enabled  them  to  with- 
stand the  action  of  the  acid  solution  which  fills  them.  The  weight  of  a single 
cell  of  such  a battery  was  about  ninety  to  one  hundred  pounds. 

The  great  interest  which  they  excited  may  be  said  to  have  arisen  largely  from 
two  causes ; first,  the  enormous  improvement  in  dynamo-electric  machines,  by 
reason  of  which  electric  currents  could  be  supplied  at  a small  fraction  of  what 
they  used  to  cost  when  they  were  obtained  only  from  galvanic  batteries  j and 
secondly,  the  great  demand  for  some  practical  means  of  storing  the  electric 
energy  developed  in  the  attempts  to  apply  the  cheap  electricity  furnished  by 
dynamo  machines  to  various  uses. 

In  order  that  this  desired  result  should  be  obtained  in  a way  commercially 
valuable,  several  conditions  must  be  fulfilled  : (i)  The  storage  must  not  involve 
any  great  loss  of  energy  in  the  charging  j (2)  the  stored  energy  should  be  retained 
with  little  loss ; (3)  the  cost  of  the  storage  apparatus  should  be  moderate ; (4) 
the  apparatus  should  be  within  moderate  limits  of  bulk  and  weight  j and  (5)  it 
should  be  enduring,  and  not  wear  out  so  as  to  require  frequent  replace- 
ment. 

The  most  interesting  tests  of  the  Faure  battery,  with  a view  of  deter- 
mining in  how  far  it  fulfilled  these  conditions,  were  made  at  the  Conservatoire 
des  Arts  et  Metiers  in  Paris,  by  a committee  of  which  M.  Tresca  w'as  president, 
and  MM.  Allard,  Le  Blanc,  Joubert,  and  Pettier  were  members.  An  extensive 
extract  from  the  report  of  this  committee  to  the  French  Academy  will  be  found 
in  the  Telegraph  Journal  arid  Electrical  Review.,  of  London,  for  March  18, 
1882,  vol.  X.  p.  196.  . 

Passing  by  all  details  of  the  experiments,  we  shall  only  note  the  general  facts 
and  results.  The  battery  experimented  upon  consisted  of  35  cells  weighing 
about  95  pounds  each,  or  in  all  3,325  pounds,  say  tons.  It  was  charged  by  a 
Siemens  dynamo-electric  machine,  which  absorbed  the  mechanical  energy  of 
I ‘558  horse-power  during  22  hours  45  minutes,  which  would  be  equal  to  one 
horse-power  for  35  hours  26  minutes,  or  in  foot-pounds  70,158,000.  Of  this 
mechanical  energy  34  per  cent,  was  expended  in  useless  work  in  the  machine 
and  battery  during  the  operation  of  charging,  and  66  per  cent,  was  stored  as 
chemical  energy  in  the  battery.-  Of  this  stored  energy,  60  per  cent,  was  recovered 
as  electric  energy.  This  would  amount  to  about  27,782,700  foot-pounds,  or  one 
horse-power  for  14  hours  4 minutes.  In  other  words,  the  actual  work  of  one 
horse  for  35^  hours,  after  being  stored  in  tons  of  battery,  could  be  recovered 
to  the  extent  of  about  14  hours’  work  of  one  horse,  or  the  equivalent  of  the 
same  in  electric  or  other  energy.  Thus,  Mr.  Edison’s  16-candle  electric  lamps 
require  about  one-eleventh  of  a horse-power  each,  and  therefore  eleven  of  them 
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could  be  run  for  14  hours  with  the  energy  stored  in  this  battery  as  above 
stated.  Mr.  Edison’s  smaller  lamps,  which  give  about  eight  candles  each,  or 
the  same  light  as  an  ordinary  German  student’s  lamp,  require  but  half  as  much 
power,  and  thus  eleven  of  them  could  be  run  for  28  hours  by  this  same  battery. 

This  is,  of  course,  not  a high  degree  of  efficiency;  but,  as  the  above-named 
committee  remark  in  their  report,  “In  many  cases  the  loss  would  be  fully 
counterbalanced  by  the  advantage  of  having  at  hand  and  entirely  at  one’s 
disposal  so  abundant  a source  of  electricity.” 

The  occasion  of  the  losses  experienced  in  the  storage  battery,  and  also  the 
exact  character  of  the  actions,  chemical  and  electrical,  which  go  on  in  it,  are  very 
fully  developed  in  a paper  on  “ The  Chemistry  of  the  Plante  and  Faure  Accumu- 
lators,” by  J.  H.  Gladstone  and  Alfred  Tribe, 
in  Natui'e,  of  January  25  and  March  16,  1882. 
The  main  sources  of  loss  there  shown  are,  first, 
local  action  between  the  negative  lead  plate  and 
the  peroxide  of  lead  deposited  upon  it ; and 
second,  the  resistance  of  the  oxide  and  sulphate 
to  the  passage  of  the  current,  by  reason  of 
which  energy  is  lost  by  being  converted  into 
useless  heat  in  the  battery  both  at  charging 
and  discharging. 

By  so  regulating  the  discharge  of  the  battery 
as  to  reduce  this  loss,  and  by  giving  seasons  of 
repose  in  which  the  battery  recovers  some  of 
its  deterioration,  Messrs.  Ayrton  and  Perry 
succeeded  in  recovering  82  per  cent,  of  the 
energy  put  into  one  of  these  batteries.  A single 
cell,  weighing  8x  pounds  without  the  dilute 
acid,  yielded,  in  three  discharges  of  six  hours 
on  three  successive  days,  an  electric  current 
whose  total  energy  was  1,440,000  foot-pounds,  which  represents  about  one 
horse-power  exerted  for  about  three-quarters  of  an  hour.  This  is  almost  double 
the  efficiency  per  weight  of  battery  shown  by  the  French  experiments,  and  the 
recovery  of  82  in  place  of  60  per  cent,  of  the  stored  energy  would  indicate 
a much  greater  efficiency  in  this  respect  also. 

Experiments  in  using  the  Faure  battery  for  industrial  purposes  were 
made  in  various  directions.  It  was  employed  to  run  street  cars  and  other 
vehicles  (including  even  velocipedes),  to  propel  boats,  to  work  sewing  and  other 
machines  requiring  a small  amount  of  power,  to  illuminate  houses  and  single 
rooms,  and  also  steamers  and  railway  carriages.  At  the  same  time  it  was  shown 
to  be  economically  valuable  where  peculiar  conditions  protect  it  from  competition 
with  other  means  of  effecting  the  same  results  more  directly.  Thus  it  was  used 
in  France  at  the  establishment  of  M.  Duchesne-Fournet,  where  linen  cloth 
is  bleached  by  exposure  to  sunlight  on  bleaching-greens,  to  run  a train  carrying 


Fig.  445. — Schulze’s  Secondary 
Cell. 
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out  the  cloth  from  the  factory  to  the  green,  and  to  wind  in  the  cloth  from  the 
green  after  it  had  been  bleached.  An  ordinary  steam  engine  could  not  be  used 
in  this  case  on  account  of  its  smoke  and  cinders.  Again,  in  railway  cars  it 
was  found  to  be  more  convenient  to  use  a Faure  battery  than  a dynamo-electric 
machine,  either  run  by  a special  engine  or  by  the  motion  of  the  train.  The  latter 
would  of  course  be  impracticable  without  some  storage  arrangement  to  provide  a 
light  when  the  train  stopped. 

Indeed,  as  a regulator  of  electric  currents,  to  equalise  them  or  bridge  over 
brief  interruptions  of  the  generating  machines,  a storage  battery  was  seen  to 
have  a wide  application. 

About  the  same  time  also  a number  of  these  Faure  batteries  were  used  to 
maintain  incandescent  lights  when  required  on  steamers  sailing  the  Atlantic  and 
other  oceans. 


Modifications  of  the  Faure  Cell. — To  give  the  lead  plates  a loose 
surface,  G.  Schulze,  of  Strasburg,  covered  them  with  powdered  sulphur,  and 
then  heated  them.  If  now  the  plates  be  immersed  in  dilute  sulphuric  acid, 
and  the  current  allowed  to  pass,  at  one  plate  the  sulphur  will  combine  with 
the  hydrogen  and  escape  as  sulphuretted  hydrogen,  leaving  spongy  lead  behind, 
whilst  at  the  other  plate  lead  sulphate  and  lead  dioxide  will  be  formed.  The 
cells  consist  of  plates  9 inches  high,  4-8  inches  wide,  and  o‘o2  inch 
thick,  which  are  suspended  and  connected  as  shown  in  Fig.  445.  The 
lead  of  an  accumulator  consisting  of  thirty  plates  weighs  17^  pounds.  The 
total  weight,  including  the  fluid,  is  23  pounds.  When  charged,  the  cell 
possesses  an  e.  m.  f.  of  2-15  volts,  and  a resistance  of  0-005  ohm,  which  is 
increased  during  the  discharge  to  0-015  ohm.  De  Calo  used  for  his  secondary 
cells  plates  consisting  of  spongy  lead  coated  with  minium  and  placed 
m little  sacks.  Kornbliih  used  lead  wire  gauze  coated  with  minium:  ten 
plates  of  a quarter-inch  thickness  are  joined  to  form  one  cell.  An  interesting 
secondary  cell  was  constructed  by  Bottcher.  The  negative  electrode  consists  ot 
sheet  zinc  bent  into  a U-shape.  Within  it  is  suspended  the  corrugated  leaden 
plate  coated  with  litharge;  and,  to  prevent  contact,  parchment  is  wrapped  round 
It.  1 he  several  plates  are  fastened  to  a frame  which  can  be  moved  up  and 
own.  Each  cell  receives  23^  ounces  of  zinc  sulphate,  and  separates  zinc  out 
uring  the  charge,  forming  lead  dioxide  at  the  lead  plate.  The  charged  cell  then 

00^0?  th  r sulphuric  acid.  If  the  plates  were  not  taken 

this  he  plates  are  arranged  so  that  they  can  be  lifted  out  of  the  solution  when 
the  sam^t-  ^!®^harge  zinc  sulphate  is  formed  in  the  cell,  and  at 

mni  h?.  to  Bottcher,  the  cell 

leldtin/  '7'"'  of  the  galvanic  cell  consisting  of 

duratinn  ’ 1^'”^  Sulphate;  this  current  cannot,  however,  be  of  very  long 
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RECENT  SECONDARY  BATTERIES. 

The  development  of  the  Faure  cell  in  this  country  has  for  some  years  been 
in  the  hands  of  the  Electrical  Power  Storage  Co.,  who  from  time  to  time  have 
introduced  many  improvements  in  detail,  some  of  which  though  small  in  them- 
selves have  done  much  to  render  the  cell  more  serviceable  to  electrical 
engineers.  Simultaneously  the  improvement  of  the  original  Plants  cell  along 
lines  different  from  those  indicated  by  Faure  and  his  co-workers,  has  been 
continuously  and  successfully  carried  on  both  here  and  on  the  Continent.  These 
efforts,  combined  with  several  important  researches  into  the  electrical,  chemical,  and 
physical  behaviour  of  secondary  cells  under  both  laboratory  and  practical 
conditions  of  working,  have  added  a great  amount  of  information  to  our 
knowledge  on  the  subject.  The  general  result  is  that  the  advantages  and 
disadvantages  of  the  use  of  secondary  batteries  under  varied  conditions  are  now 
beginning  to  be  clearly  understood,  and  although  the  march  of  improvement  has 
by  no  means  stopped  yet,  the  limitations  of  the  possibilities  of  such  use  are  fairly 
well  known,  at  least  for  batteries  constructed  on  any  of  the  lines  which  up  to  the 
present  have  survived  in  the  struggle  for  existence. 

The  number  and  variety  of  serviceable  secondary  cells  that  are  to-day 
available,  though  not  nearly  so  great  as  the  number  of  dynamos,  is  still  sufficient 
to  make  it  necessary  for  us  to  select  only  one  or  two  typical  batteries  for 
description,  want  of  space  compelling  us  to  pass  over  others  which  may  be  quite 
as  good. 

Before  describing  the  modern  lead  cells,  we  may  briefly  summarise  the  chief 
objects  which  some  of  the  most  successful  inventors  have  endeavoured  to  compass 
in' their  improvements.  These  are  : first,  to  diminish  the  great  weight  of  the 
cells  as  compared  with  their  capacity  for  storing  energy,  and  thus  to  render  th&m 
more  portable secondly,  to  ensure  that  the  active  material  (peroxide  on  the 
positive  plates,  spongy  lead  on  the  negatives),  shall  adhere  firmly  to  the  con 
ducting  backing  to  which  it  is  attached,  and  to  overcome  a troublesome  tendency 
of  this  active  material  to  drop  off;  thirdly,  to  increase  the  rate  of  discharge 
without  injury  to  the  plates ; fourthly,  to  reduce  the  resistance  not  only  inside 
the  cell,  but  also  of  all  external  lugs  and  connectors,  and  simultaneously  to 
distribute  the  current  evenly  over  the  plates ; fifthly,  to  prevent  sulphating ; 
sixthly,  to  prevent  internal  short-circuiting  by  buckling,  or  othenvise ; and  lastly, 
to  design  some  kind  of  automatic  control  which  shall,  without  continuous 
attendance,  regulate  the  charging  and  discharging  of  batteries. 

The  form  of  flexible  plates  rolled  up  as  shown  in  Fig.  444,  and  which  was 
copied  by  Faure  from  Plants,  had  soon  to  be  abandoned  when  the  cells  began  to 
be  used  for  industrial  purposes,  for  it  was  found  to  be  impossible  with  such  cells 
to  prevent  internal  short  circuiting.  This  trouble  was  aggravated  by  the 
difficulty  of  finding  a separating  material  to  replace  the  felt  such  as  would  resist 
the  action  of  the  acid  for  a lengthened  period  without  rotting.  Also  the 
difficulty  of  efficient  inspection  was  great  in  a cell  of  this  form.  These  and  other 
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considerations  have  led  to  the  almost  universal  adoption  of  stiff  plane  plates, 
covered  in  various  ways  with  active  material,  for  the  constituents  of  a cell. 

Using  the  inventions  of  Sellon,  Volckmar,  and  others,  the  Electrical  Power 
Storage  Co.  has  devoted  its  attention  to  the  improvement  of  plates  in  the  form 
of  leaden  grids,  into  the  perforations  of  which  the  active  material  is  introduced. 


Within  the  last  two  years,  however,  even  this  Company  has  for  rapid  discharge 
cells  gone  back  for  positives  to  solid  lead  plates  groored  to  receive  fhr7r,'“ 

ctrLs'^'rbrr^  °t  r ^ 

Three^“Cs  armSt 

extensively  used  by  the  Electrical  Power  Storage  Co.  ■ b Ts  a"form'‘of  double 
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lattice  employed  in  the  Correns  cell,  which  is  much  used  in  Germany,  whilst  c 
shows  in  section  a grid  designed  by  Messrs.  Drake  and  Gorham.  In  Fig.  447  there 
is  illustrated  a form  of  plate  differing  from  the  grid  type.  It  shows  one  of  the 

unformed  plates  of  the  Dujardin-Plante  accumulator, 
which  is  manufactured  in  this  country  by  Messrs. 
Johnson  and  Phillips  for  Messrs.  Drake  and  Gorham. 
It  is  composed  of  thin  strips  of  sheet  lead  laid  on  top 
of  one  another  with  their  ends  burnt  into  stout  vertical 
supports.  Small  spaces  are  left  between  the  strips, 
and  the  active  material  is  formed  on  the  surfaces  of 
the  sheets  in  these  spaces,  by  a modification  of  the 
original  Plantd  process  already  described. 

The  distinguishing  feature  of  cells  formed  after 
the  Faure  type  is  that  the  material  which  is  to  event- 
ually become  the  peroxide  of  lead  on  the  positive 
plates  and  the  spongy  lead  on  the  negatives  is  applied 
to  the  grids  or  other  backing  in  the  shape  of  a paste 
of  one  of  the  intermediate  oxides  of  lead.  This  oxide 
is  then  converted  by  electrolytic  action  into  the  required  chemical  state.  In 


Fig.  447. — Unformed  Du- 
jardin-Plante Plate. 


Fig.  448!^— iS-Plate  E.P.S.  Secondary  CeU. 


this  way,  as  already  explained,  the  time  of  formation  of  the  cell,  as  compared 

with  the  original  Plantd  cell,  is  materially  shortened.  /it  n c \ 

E.P.S.  Secondary  Cells.— A 15-plate  Electrical  Power  Storage  (E.P.b.; 

cell  of  the  “ 1881  ” L-type,  as  it  is  called,  is  shown  in  Fig.  448. 
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For  stationary  batteries,  except  in  the  case  of  very  large  cells,  the  outer  box 
is  usually  made  of  glass,  which  allows  the  condition  of  the  plates  to  be  partially 
inspected  from  time  to  time  without  taking  them  out.  The  cell  itself  consists  of 
eight  negative  or  spongy  lead  plafes,  and  seven  positive  or  peroxide  of  lead 
plates.  The  employment  of  an  extra  negative  plate  enables  the  positives  to  be 
completely  enclosed  by  negatives,  a plan  which  has  been  found  very  effective  in 
diminishing  buckling.  All  the  plates  of  the  same  name  are  joined  in  parallel 
by  stout  bands  of  lead  into  which  lugs  connected  to  the  plates  are  burned.  In 


earlier  cells  these  lugs  were  placed  at  one  of  the  upper  corners  only  of  each 
plate,  and  consequently,  as  the  current  entered  and  left  by  them  alone  the 
flow  of  current  in  the  cell  was  not  evenly  distributed  over  the  surface  of  the 
plates,  being  densest  at  the  corners  near  the  lugs.  In  Fig.  448,  taking  the  eight 
negative  plates  first,  it  will  be  noticed  that  not  only  are  they  connected  by  a 
broad  band  of  lead  at  the  top,  and  which  forms  the  negative  terminal  of  the  cell, 
but  that  there  are  in  addition  four  other  bands  connecting  the  plates ; two  of 
these  are  at  the  bottom,  one  at  the  back,  and  one  at  the  front  resting  on  blocks 
of  wood  and  supporting  the  weight  of  the  plates,  and  two  others  about  half-way 
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up  back  and  front.  These  last  two  are  so  shaped  that  they  support  blocks  of 
wood,  which  in  their  turn  support  the  positives  by  means  of  lugs  projecting  from 
the  latter.  The  seven  positive  plates  in  their  turn  are  connected  first  by  the 
broad  upper  band  in  front,  which  forms  the  positive  terminal  of  the  cell,  and 
also  by  a very  massive  band  burnt  into  lugs  projecting  upwards  from  the  centre 
of  the  top  edge  of  each  plate.  In  this  manner  the  various  plates  of  each  part  of 
the  cell  are  put  effectively  in  parallel,  and  the  current  evenly  distributed,  whilst 
at  the  same  time  the  internal  resistance  is  reduced. 

The  method  of  joining  up  cells  of  this  and  similar  kinds  to  form  a battery  is 
illustrated  in  Fig.  449,  where  three  such  cells  are  shown  connected  in  series. 

The  cells  stand  in  shallow  wooden  boxes  con- 
taining a thin  layer  of  sawdust  to  absorb  any 
moisture.  Each  of  these  boxes  is  placed  on 
three  glass  insulators  resting  on  stout  wooden 
trestles  well  varnished,  or  painted  with  a suitable 
paint,  to  make  them  as  acid  proof  as  possible. 
The  cells  are  turned  alternately  in  opposite 
directions.  The  first  cell  has  its  negative  ter- 
minal band  at  the  front,  and  its  positive  one 
(usually  painted  red)  at  the  back ; the  second 
cell  has  the  negative  at  the  back,  and  the 
positive  at  the  front,  and  so  on.  It  is  thus  pos- 
sible to  tightly  clamp  the  positive  of  one  cell  to 
the  negative  of  the  next  with  very  little  resist- 
ance in  the  connections. 

When  the  cells  are  being  charged,  and  especially  towards  the  end  of  the 
charge,  gas  is  freely  given  off,  and  the  bubbles  rising  to  the  surface  burst, 
scattering  the  acid  about  in  a kind  of  spray,  which  fills  the  atmosphere  of  the 
battery  room.  To  minimise  this  evil  curved  sheets  of  glass,  not  shown  in  the 
figure,  are  placed  over  each  cell  with  their  convex  sides  downwards. 

The  glass  and  oil  insulators  upon  which  the  cells  rest  are  shown  in  full  and  in 
section  in  Fig.  450.  There  is  a shallow  glass  vessel  a filled  with  insulating  oil,  over 
which  is  inverted  a cap  b,  on  which  the  cell  rests.  These  insulators  are  designed 
on  the  same  principle  as  the  telegraph  insulators  afterwards  described.  The 
kind  of  leakage  to  be  provided  against  is  that  known  as  surface  leakage,  the 
leaking  current  passing  through  conducting  dirt  films  on  the  surface  and  not 
through  the  body  of  the  material.  An  examination  of  the  sectional  figure  will 
show  that  such  leakage  is  provided  against  by  the  oil,  the  surface  of  which  is 
protected  against  the  formation  of  such  conducting  films  by  being  covered  over, 
and  by  its  fluid  action  in  absorbing  any  dirt  that  may  rest  upon  it.  The  oil  in 
itself  is  also  a good  insulator. 

Experience  shows  that  E.P.S.  cells  with  positives  of  the  “grid”  type  cannot 
be  discharged  without  damaging  them  at  a rate  greater  than  about  4 amperes  per 
square  foot  of  positive  surface.  For  more  rapid  rates  the  Electrical  Power 
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Fig.  451. — Cross 


Storage  Co.  use  positives  with  solid  lead  backings  having  horizontal  grooves  on 
the  surface  to  receive  the  active  material.  The  cross  section  of  one  of  these 
plates  is  shown  diagrammatically  in  Fig.  45 1)  ^.nd  a .31-plate  cell 
of  the  “ K”  type,  as  these  are  called,  is  shown  in  Fig.  452.  The 
arrangements  for  connecting  the  various  plates  together  are 
different  from  those  adopted  in  the  “L”  type  (Fig.  448).  For 
instance,  the  thick  positive  plates  are  connected  by  two  massive 
leaden  bars  running  along  the  top,  and  the  whole  positive  section 
is  supported  by  these  bars,  which  rest  on  insulating  saddles  placed 
on  the  top  edges  of  the  negative  plates.  Other  details  can  be 
clearly  made  out  from  the  figure.  These  cells  can  be  discharged 
at  a rate  of  about  7^  amperes  per  square  foot  of  positive  surface. 

Crompton-Howell  Secondary  Cells. — In  these  cells 
the  grid  form  of  plate  is  not  employed.  Instead,  thick  plates  of 
crystalline  lead  of  a very  porous  nature  are  used.  A large  mass 
of  such  crystalline  lead  is  obtained  by  a process  known  in  me- 
Section  of  *Po-  tallurgy  as  “ Pattinsonisation,”  in  which  melted  lead  is  maintained 
«tive  Plate  for  fQj  some  time  almost  at  the  point  of  crystallisation.  This 
charge.  ™^ss  is  cast  and  compressed,  and  then  sawn  into  plates 

of  a suitable  size  and  thickness,  according  to  the  work 
for  which  the  cells 
are  designed.  The 
plates  so  obtained 
are  treated  by  a 
modification  of  Plan- 
te’s original  process, 
and  are  formed  both 
into  positives  and  ne- 
gatives. Since  the 
plates  are  crystalline 
in  structure,  and  por- 
ous, nearly  every  in- 
dividual crystal  is 
exposed  on  its  sur- 
face to  electrolytic 
action,  and  thus  the 
active  surface  is  very 
large.  Moreover,  on 
account  of  the  inter- 
lacing of  the  crystals 
the  active  material 

iLtir'lrtwork  Z 4S2-3i-PIate  Secondary  Cell  for  Rapid  Discharges, 

lead,  which  holds  it  firmly  in  its  place.  It  is  claimed  for  plates  formed  in  this  way 
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that  the  capacity,  durability,  and  rates  ot  charge  and  discharge  are  much  higher 
than  is  possible  with  pasted  plates  of  the  same  size,  and  experience  justifies 
these  claims.  Moreover,  the  plates  do  not  buckle,  and  do  not  lose  their  active 
material  by  it  dropping  on  to  the  bottom  of  the  containing  vessel. 

Two  of  the  Crompton-Howell  cells,  each  containing  twenty-one  plates,  are 
shown  in  Fig.  453.  Each  cell  consists  of  ten  positive  plates,  and  eleven  negatives, 
each  set  being  joined  up  as  already  explained  in  parallel,  and  the  positive  and 


Fig.  453.— Crompton-Howell  21-plate  Secondary  Cells. 


negative  plates  being  placed  alternately  in  the  cell.  The  plates  in  each  cell  are 
kept  from  touching  one  another  by  a pair  of  celluloid  combs  passing  along  the 
top,  and  also  by  two  pairs  of  celluloid  separators  on  which  the  plates  rest  at  the 
bottom  of  the  cell.  These  combs  and  separators  are  shown  separately  in  Fig.  454, 
their  positions  in  the  completed  cell  being  obvious.  Fig.  453  shows  clearly  the 
method  used  to  connect  the  cells  together  to  form  a battery.  The  trestles,  glass 
insulators,  and  boxes,  have  already  been  referred  to.  With  these  cells  all  the 
positive  lugs  of  the  various  cells  in  a row  of  the  battery  are  turned  in  the  same 
direction,  so  that  the  positives  of  one  cell  adjoin  the  negatives  of  the  next.  The 
cells  are  then  placed  in  series  by  burning  the  positive  and  negaUve  lugs  of 
adjoining  cells  to  a massive  leaden  junction  piece  with  short  lugs  projecting  from 
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it  for  the  purpose.  In  this  way  the  resistance  of  the  internal  connections  of  the 
battery  is  reduced  to  a minimum. 

Epstein  Secondary  Cells.  — These  cells  are  also  formed  by  a modifi- 
cation of  the  Plants  process.  The  plates  before  formation  consist  of  solid  lead 
with  deep  grooves  cut  in  it  as  shown  in  Fig.  455,  which  represents  on  an  en- 
larged scale  a section  of  a part  of  a finished  positive  plate.  These  grooved  plates 


Fig.  454..— Separators  for  Crompton-Howell  Cells. 


are  first  boiled  for  several  hours  in  water  containing  i per  cent,  of  nitric  acid,  or 
of  some  other  chemical  that  acts  upon  lead.  During  this  boiling  the  exposed  sur- 
face is  bitten  into  by  the  chemical,  which  leaves  fine  fissures  all  over  the  plate 
filled  with  oxide  of  lead.  The  formation  is  now  completed  by  electrolysis,  as  in 
the  original  Plants  process,  except  that  the  current  is  never  reversed.  The  time 
of  formation  is  only  a few  days,  and  the  peroxide  on  the  positives  is  found  to  be 
well  fixed  into  and  blended  with  the  lead  backing,  as  shown  in  Fig.  455,  where 
the  shaded  parts  are  intended  to  represent  the  peroxide. 

. ‘^o^Plete  cell  containing  one  positive  and  two  negative  plates  is  represented 
in  Fig.  456.  The  cell  is  15  inches  long,  17  inches  high,  and  3^  inches  wide,  and 
weig  s a out  s.,  the  positive  plate  is  0^44  inch  thick,  and  the  negatives  o'2i7 
inch.  Although  containing  only  one  positive  plate,  it  can  be  discharged  at  the  rate 
0 45  amperes,  or  on  an  emergency  at  70  amperes,  without  permanent  injury  ; at 
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45  amperes  the  rate  is  equivalent  to  about  21  amperes  per.  square  foot  of  the 
plane  surface  of  the  plate.  The  plates  do  not  buckle,  as  the  massive  lead  back 
equalises  the  current  over  the  surface,  and  increases  the  conductivity  of  the  cell. 
The  distinguishing  feature  of  the  cell  is  its  high  storage  capacity  for  its 
weight,  which  makes  it  serviceable  for  traction  purposes. 

Other  Secondary  Cells.  — There  are  many  other  good  secondary 
batteries.  The  Dujardin-Plante  cell  has  already  been  alluded  to.  .The  plate 
shown  in  Fig.  447,  or  a plate  of  cast  or  rolled  lead,  is  acted  upon  by  corrosive 
acids,  and  then  subjected  to  electro- 
lysis, which  completes  the  process  of 
formation.  Its  advantages  are  similar 
to  those  of  the  Epstein  cell  just  alluded 
to.  In  the  “ Lithanode  ” cell  the  posi- 
tives are  formed  from  protoxide  of  lead 
mixed  with  other  materials  and  moulded 
into  the  required  shape,  the  protoxide 


Fig-  455- — Section  (Enlarged) 
of  Part  of  Plate. 

being  afterwards  converted  electrolytically  into  peroxide.  These  positives  are 
said  to  be  able  to  stand  a discharge  of  16  amperes  per  square  foot  of  positive 
surface.  The  negatives  have  sometimes  a copper  gauze  backing  in  order  to 
secure  the  requisite  conductivity  with  less  weight. 

Many  other  methods  have  been  employed  to  obtain  a great  amount  of  surface 
for  the  deposition  of  active  material.  Reynier  uses  loosely  woven  wire  afterwards 
compressed ; Niblett  employs  porous  partitions,  between  which  granulated  lead 
is  packed.  The  Tudor  accumulator  has  plates  with  grooves  into  which  peroxide 
is  squeezed  after  the  plate  has  been  partly  formed  by  Plante’s  process. 

Again,  instead  of  using  lead  oxides  for  pasted  plates,  attempts  have  been 
made  to  use  lead  salts,  such  as  the  chloride  or  the  acetate,  which  are  reduced  to 
the  required  state  by  chemical  or  electrolytic  methods,  or  by  combinations  of 
both.  In  fact  the  various  methods  proposed  to  accomplish  the  objects 
summarised  on  page  466  are  too  numerous  for  even  brief  description.  It  will 
suffice  to  say  that  many  of  them  show  considerable  promise,  though  they  have 
not  all  resulted  as  yet  in  the  production  of  practical  secondary  cells. 


Fig.  456. — Epstein  Secondary 
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Central  Station  Secondary  Cells.  — In  some  systems  for  the  dis- 
tribution of  power  by  the  electric  current  from  central  stations,  batteries  of 
secondary  cells  are  employed,  both  for  the  purpose  of  assisting  the  dynamos 
during  the  hours  of  heaviest  demand,  and  also  for  supplying  the  whole  demand 
made  upon  the  station  when  the  load  is  lightest.  They  are  also  used  as  con- 
tinuous current  transformers.  The  various  details  will  be  referred  to  more  fully 
later  on.  For  our  present  purpose  it  will  be  sufficient  to  remark  that  these  uses 
require  cells  capable  of  giving,  on  an  emergency,  heavy  discharges,  as  well  as 
cells  having  a low  internal  resistance  and  a high  efficiency  under  a wide  range  of 
conditions  of  charge  and  discharge. 

To  meet  these  requirements  special  cells  have  been  designed  by  the  various 


457- — E.P.S.  Central  Station  Cell. 


manufacturers  which  more  or  less  successfully  fulfil  the  conditions.  In  one; 
respect,  however,  they  all  fall  short  of  the  ideally  perfect  cell,  and  that  is  in  the 
great  weight  and  massiveness  of  the  complete  battery,  and  consequent  cost  of 
erection,  and  the  space  required.  This  is  partly  due  to  the  low  e.  m.  f.  (about 
2 15  volts)  of  each  individual  cell,  which  renders  it  necessary  to  employ  a 
considerable  number  joined  in  series  to  bring  up  the  total  voltage  to  that  of  the 
pressures  m common  use,  and  also  to  the  fact  that  to  stand  the  heavy  discharge 
without  damage,  the  plates  of  each  cell  must  be  numerous  and  comparatively 
massive. 

One  of  the  large  central  station  cells  made  by  the  Electrical  Power  Storage 
Co.  is  shown  in  Fig.  457.  It  consists  of  one  hundred  and  thirty-two  separate 
plates,  of  which  sixty-four  are  positives  and  sixty-eight  are  negatives.  It  may  be 
described  as  four  of  the  cells  shown  in  Fig.  452,  placed  in  the  same  box,  and 
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joined  up  in  parallel  with  one  another,  but  with  each  cell  having  thirty-three 
plates  instead  of  thirty-one.  The  box  instead  of  being  made  of  glass  is  made  of 
lead,  and  is  46  inches  long,  2o’25  inches  wide,  and  14  inches  high.  This  box 
has  an  insulated  bottom,  and  is  provided  with  a turned-over  lip  to  prevent  the 
creeping  of  the  acid.  It  stands  on  wooden  beams  and  glass  insulators  as  already 
described.  The  connections  of  the  positives  and  negatives  of  each  set  are 
similar  to  those  previously  detailed.  The  four  negative  terminals  are  brought  up 
as  shown,  and  are  firmly  clamped  to  a heavy  band  of  lead,  to  which  the  positives 
of  the  next  cell  are  also  to  be  clamped.  This  particular  cell  will,  on  an  • 
emergency,  give  a discharge  of  1,200  amperes  for  one  hour,  and  as  the  p.d.  of 
its  terminals  under  these  circumstances  will  probably  be  about  2 volts,  it  will 
then  be  giving  energy  to  the  external  circuit  at  the  rate  of  2,400  watts,  or  3 '2 
ordinary  horse-power.  Its  capacity  is  2,450  ampere-hours  for  a seven  hours’ 
discharge,  and  it  weighs  1,596  lbs.,  or  14^  cwt.  ; 

The  following  table  gives  some  particulars  respecting  cells  of  this  pattern,  and  i 
will  be  found  useful,  as  showing  the  present  capabilities  of  a good  secondary 
battery.  ; 


Number 

of 

Plates. 

Maximum 

Charging 

Rate. 

Amperes. 

Discharge  Rate 
in  Amperes. 

Approximate  External  Dimensions, 
in  inches. 

Approximate 
Weight, 
in  lbs. 

For 

I hour. 

For 

7 hours. 

Length. 

Width. 

Height. 

42 

160 

350 

no 

24 

13-5 

1375 

516 

46 

180 

400 

120 

24 

14-5 

1375 

555 

50 

200 

450 

130 

24 

15-5 

1375 

606 

63 

250 

550 

165 

34  75 

i3'5 

1375 

767 

66 

270 

600 

I7S 

24 

20-25 

1375 

771 

84 

330 

75° 

220 

46 

13-5 

1375 

1,008 

92 

360 

850 

240 

.46 

I4‘5 

1375 

1,088 

99 

4cx> 

900 

265 

3475 

20-25 

14 

1,138 

116 

460 

1,050  ■ 

310 

. 46 

18 

14 

1.397 

132 

540 

1,200 

350 

46 

2025 

14 

1,596 

The  Epstein  cell  for  central  station  working  contains  more  plates  than  are 
depicted  in  Fig.  456.  We  give  below  some  figures  relating  to  these  cells  also  | 

I 


Number 

of 

Plates. 

Charging 
Rate  in 
Amperes. 

Maximum. 

Discharge  Rate 
in  Amperes. 

Maximum. 

For 

2 Hours. 

For 

6 Hours. 

1 1 

130 

350 

225 

100 

17 

208 

560 

360 

160 

21 

260 

700. 

450 

200 

25 

312 

840 

540 

240 

3‘ 

720 

1000 

675 

300 

External  Dimensions 
in  Inches. 

Weight 
of  Plates 
in  lbs.  . 

Total  ^ 
Approxi- 
mate 
Weight 
in  lbs. 

Length. 

Width. 

Height. 

15 

12 

17 

195 

302 

15 

l8i 

19 

310 

535 

15 

23 

19 

385 

655 

15 

26 

19 

460 

780 

15 

32i 

19 

575 

980 
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A sixty-one-plate  Crompton  Howell  central  station  cell  is  depicted  in  Fig.  458. 
The  internal  arrangement  of  the  plates  is  similar  to  that  already  described  in  the 
case  of  the  smaller  cells,  but  the  box  is  made  of  lead  instead  of  glass.  The 
junction  bars  between  the  cells  are  also  more  massive,  and  the  weight  of  each  is 
supported  by  two  insulating  rods  capped  with  telegraphic  procelain  insulators. 
The  cell  figured  is  capable  of  discharging  at  the  rate  of  500  amperes,  or  about 


Fig.  458.— Crompton-Howell  Central  Station  Cell. 

I i horse-power  for  one  hour,  or  at  183  amperes  for  seven  consecutive  hours, 
its  total  weight  is  880  lbs.,  or  nearly  8 cwt. 

The  following  table  gives  some  further  details  about  the  various  sizes  of 
Crompton-Howell  cells. 


Number 

of 

Plates. 

Maximum 

Charging 

Rate 

in 

Amperes. 

Discharge  Rate, 
in  Amperes. 

External  Dimensions, 
in  inches. 

Weight 

of 

Plates 
in  lbs. 

Total 
Approxi- 
mate 
Weight 
in  lbs. 

Maximum. 

For 

I hour. 

For 

7 hours. 

Length. 

Width. 

Height. 

II 

17 

21 

25 

31 

61 

1 

35 

45 

70 

84 

100 

200 

1 10 
170 
210 
250 
3(0 

610 

85 

135 

170 

200 

250 

500 

33 

51 

63 

75 

93 

183 

8 

13 

16 
20 
28 '5 
54 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

55 

85 

los 

I2S 

155 

305 

”5 

182 

220 

266 

460 

880 
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THE  CHARGING  OF  SECONDARY  CELLS. 

Galvanic  cells,  thermo-piles,  or  dynamo-electric  machines  may  be  used  for 
this  purpose.  The  latter  are  especially  to  be  preferred  when  available,  for 
practical  reasons.  For  smaller  batteries,  such  as  are  required  in  laboratories, 
galvanic  cells  were  often  used  in  the  early  days  of  secondary  batteries.  To  use 
cells  such  as  Leclanche’s  would  not  have  been  advantageous,  as  with  a small 
resistance  in  the  outer  circuit,  such  as  the  secondary  cell  offers,  the  current  of 
these  cells  would  soon  diminish.  Bunsen’s  cells,  however,  would  have  answered 
well.  As  the  primary  current  causes  an  opposing  e.  m.  f.  in  the  secondary  cells, 
it  is  necessary  that  the  source  of  electricity  furnishing  the  primary  current  should 
possess  a higher  e.  m.  f.  than  the  secondary  cell.  For  instance,  in  order  to 
charge  twenty  cells  of  a secondary  battery  (e.  m.  f.  = 2 •15  volts  each)  joined  in 
series,  a source  of  electricity  must  be  employed,  the  e.  m.  f.  of  which  is  more 
than  43  (2'i5  x 20  volts).  If,  however,  we  had  only  one,,  the  E.  m.  f.  of  which 
is,  say,  3 volts,  the  secondary  cells  might  then  be  joined  parallel,  so  as  to  repre- 
sent one  cell  with  a large  plate.  It  is  best,  however,  to  use  currents  of  moderate 
strength,  and  to  arrange  the  secondary  cells  of  large  batteries  in  series,  and  ex- 
perience has  shown  that  a large  cell  works  better  than  several  small  cells  contain- 
ing the  same  total  number  of  plates  and  joined^  up  in  parallel.  In  the  latter  case 
the  currents  may  be  unequally  distributed,  because  of  slight  differences  between 
the  cells,  which  inequality  eventually  damages  the  cells  subjected  to  the  heaviest 
currents. 

Modes  of  Charging  Secondary  Batteries  by  means  of  Dynamo- 
Electric  Machines. — Dynamo  machines  with  permanent  steel  magnets  may 
be  used  for  the  charging  of  secondary  cells.  In  using  such  machines  the  process 
is  very  simple,  as  the  permanent  magnets  in  these  generators  are  independent  of 
the  machine  current,  and  cannot  change  their  poles  as  an  electro-magnet  might 
do.  As  we  have  already  said,  it  is  best  to  arrange  the  secondary  cells  in  series. 
Better  results  are  obtained  where  the  process  is  not  hurried.  When  dynamos  are 
used,  certain  precautions  must  be  taken.  The  cells  may  be  joined  to  the 
machine  in  two  different  ways,  as  shown  in  Figs.  459  and  460.  In  the  first  case 
the  armature  A,  electro-magnets  e,  and  the  secondary  battery  are  all  in  the  same 
circuit,  the  secondary  cells  s forming  the  outer  circuit  of  the  machine.  We  know 
that  the  machine  is  extremely  sensitive  to  variations  in  the  outer  circuit,  and  every 
such  variation  influences  the  current  produced  by  it.  The  secondary  cells  will 
tend  to  send  a current  through  the  circuit  in  the  opposite  direction  to  the  primary 
current.  The  direction  of  current,  then,  in  the  circuit  will  depend  upon  whether 
the  E.  M.  F.  of  the  machine,  or  the  e.  m.  f.  of  the  secondary  cells,  prevails.  The 
secondary  battery  e.  m.  f.  might  prevail  when  the  machine  chosen  is  not  suffi- 
ciently powerful  for  charging  the  secondary  cells,  or  if  the  machine  has  not  the 
proper  speed;  or  when  unforeseen  circumstances  happen,  such  as  the  breaking 
of  a belt,  etc.  The  current  of  the  secondary  cells  Avill  then  flow  into  the  machine 
and  change  the  polarity  of  the  magnets,  which,  if  not  corrected,  might  injure  the 
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machine.  When,  however,  the  machine  is  shunt-wound,  as  shown  in  Fig.  460, 
reversed  magnetisation  of  the  magnets  is  avoided.  Two  circuits  are  connected 
with  the  brushes  of  the  commutator  3 one  circuit  has  the  cells  s,  the  other  the 
coils  of  the  magnets  and  an  adjustable  resistance  or  rheostat  R.  As  the  current 
divides  so  that  the  currents  in  the  different  branches  are  inversely  proportional  to 


Fig.  459. — The  Charging  of  Secondary  Batteries,  unsafe  method. 


M 


their  resistances,  by  inserting  the  r>ecessary  resistances  the  current  can  be  regu- 
lated as  required  for  charging  the  secondary  cells.  If  with  this  arrangement  it 
should  happen  that  the  e.  m.  f.  in  the  secondary  cells  becomes  stronger  than 
that  of  the  machine,  although  the  current  will  flow  into  the  coils  of  the  machine, 
as  in  the  first  case,  it  will  not  change  the  polarity  of  the  magnets.  Although 
reversed  magnetisation  is  avoided,  the  process  of  charging  even  here  requires 
constant  attention,  and  it  must  be  remembered  that  an  increase  of  the  resistance 
R lowers  the  e.  m.  f.  of  the  dynamo. 

In  order  to  admit  of  the  employment  of  irregular  sources  for  the  charging  of 
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secondary  cells,  an  apparatus  such  as  that  represented  in  Fig.  461  is  used.  By 
means  of  this  the  connection  between  the  battery  and  the  source  of  electricity 
is  broken  whenever  the  current  of  the  machine  diminishes  beyond  a certain 
limit.  The  instrument,  however,  will  not  only  effect  this  purpose,  but  will  also 
connect  the  cells  with  the  machine  again,  as  soon  as  the  strength  of  the  current 

OacoumuutorQ sufficiently  increased.  The  in- 

^ N strument  represented  in  Fig.  461 

• was  devised  by  Hospitalier ; it  con- 

sists of  the  magnet  s s'  and  the 
electro-magnet  T x',  the  coils  of 
which  are  made  of  wires  of  different 
thicknesses.  The  armature  n n'  is 
fastened  at  o,  and  its  amplitude  of 
oscillation  may  be  regulated  by 
means  of  the  screws  v v'.  The 
point  E presses  against  either  the 
springs  a b or  the  springs  c d,  ac- 
cording as  the  armature  n n'  is 
attracted  by  the  electro-magnet  x x' 
or  the  steel  magnet  s s’.  The 
poles  of  the  secondary  elements 
are  joined  at  p p',  and  the  poles  of 
the  machine  at  m m'.  As  long  as 
no  current  enters  at  M the  arma- 
ture N n'  is  attracted  by  the  steel 
magnets  s s'.  In  this  position  the 
springs  c and  D will  be  pressed  to- 
gether at  2 and  e.  If  the  current 
be  only  feeble,  it  will  have  to  flow 
through  the  thin  wire  of  the  elec- 
tro-magnet from  M over  x x'  to  h, 
then  through  c d i and  m',  back  to 
the  machine.  Passage  through  the 
thick  wire  is  broken  at  i,  between  the  springs  a b.  If,  however,  the  current  has 
the  required  strength,  the  electro-magnet  will  become  so  powerful  by  having  this 
current  flowing  through  the  thin  wire,  as  to  attract  the  armature  n n . It 
thus  causes  the  springs  c d to  lose  contact,  as  shown  in  the  figure.  The 
direction  of  the  current  will  now  be  as  follows  : From  m through  the  thick 
coils  of  the  electro-magnet  to  G,  through  the  springs  b and  a to  f,  then  into  the 
secondary  battery  at  p,  leaving  it  at  p',  and  back  again  to  the  machine  through 
m',  It  is  clear  that  by  this  arrangement  the  secondary  battery  is  put  out  of 
the  circuit  whenever  the  current  diminishes  beyond  a certain  limit ; and  is 
inserted  again  when  the  required  strength  is  reached.  If  a strong  current 
is  required  the  screws  v and  v'  are  so  arranged  as  to  allow  the  armature  n n 


Fig.  461. — Hospitaller’s  Battery  Charger. 
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to  approach  very  near  to  s s'.  As  the  force  of  attraction  of  the  magnet 
diminishes  with  increase  of  distance,  the  change  will  be  in  favour  of  the  magnet 
s s',  and  the  electro-magnet  will  now  require  greater  force  to  attract  the  armature 
to  itself.  The  secondary  cells  will  only  remain  in  the  circuit  so  long  as 
the  electro-magnet  is  sufficiently  powerful  to  keep  the  armature  n n'  attracted. 

Instruments  having  the  same  objects  in  view,  but  modified  as  experience  has 
suggested,  have  been  designed  by  Messrs.  Holmes  and  Vaudry  and  others. 

For  convenience  in  charging  and  discharging  secondary  batteries,  many 
forms  of  switch-board  have  been  devised.  During  the  process  of  charging  the 
current  has  not  only  to  overcome  the  e.  m.  f.  of  the  cells,  but  volts  are  also  lost  in 
driving  the  current  against  the  internal  resistance ; whereas  in  discharging  the 
total  pressure  available  is  only  the  e.  m.  f.  of  the  cells,  and  some  of  this  is  lost 
internally,  because  of  resistance.  A little  reflection  will  show  that  in  consequence 
the  F.  D.  at  the  terminals  of  a battery  of  say  50  cells  is  necessarily  greater  when 
the  cells  are  being  charged  than  when  they  are  discharging.  If,  therefore,  lamps 
requiring  a certain  voltage  are  placed  in  parallel  with  the  battery  whilst  it  is  being 
charged  they  must  be  connected  to  a smaller  number  of  cells  than  when  the 


dynamo  is  not  running  and  the  battery  alone  is  supplying  current  to  the  lamp.  To 
effect  the  necessary  changes  rapidly  it  is  customary  to  bring  separate  wires  to  the 
switch-board  from  the  last  five  or  six  cells  of  the  battery,  so  that  these  cells  may 
be  cut  out  of  or  put  into  circuit  as  circumstances  require. 

A switch-board,  made  by  Messrs.  Drake  and  Gorham,  carrying  such  contact 
pieces  with  the  requisite  switches  and  current-measuring  .instruments,  is 
represented  in  Fig.  462.  It  is  designed  to  carry  currents  up  to  500  amperes. 
The  eight  horizontal  bars  placed  across  the  centre  of  the  board  are  respectively 
connected  to  the  negative  terminals  of  the  last  eight  cells  of  the  battery 
which  are  called  “fegulaling”  cells.  The  ends  of  these  bars  overhang  the 
circular  arcs  on  either  side,  and  any  single  bar  can  be  placed  in  electrical  com- 
munication with  either  of  these  circular  arcs  by  means  of  the  movable  sprint 
contact  pieces  which  sweep  over  them,  and  press  against  the  ends  of  the  cross 
bars  in  their  passage.  The  circular  arc  on  the  left  is  connected  to  one  ■ of  the 
terminals  of  the  lower  switch-board  marked  “Dynamo,”  the  other  terminal  of 
which  IS  in  connection  with  the  lead  from  the  dynamo.  Similarly  the  circular 

“Lmns  ” "fh  "r  lower  Litch  marked 

Lamps.  The  two  ammeters  at  the  top  of  the  board  are  placed,  one  in  the 

Tf  ^ s'^itch-board  any  change  usually  required  can  be  quickly  made 

the  ba«ei7  and  the  lamps  are  in  simple  parallel  on  the  dynamo  the  current 

Tlfe'wrr?  '<> 

he  dJZnd  for  cu  ret  Should 
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larger  current.  Also,  if  the  dynamo  P.  D.  is  too  high  or  too  low  for  the  lamps  the 
lamp  contact  can  be  placed  on  a bar  different  from  that  on  which  the  dynamo 
contact  is  placed. 

There  is  one  difficulty  in  using  these  sliding  contacts  for  putting  extra 


cells  into  or  out  of  circuit.  If  the  slider  is  a simple  contact  ^ 

two  things  must  happen.  Either  the  circuit  must  be  momentarily  broken  as  the 
to  passes  from  one  contact  to  the  next,  which  will  give  rise  to  a temporary 
flicker  or  jump  of  the  lights;  or  the  slider  must  be  for  a moment  on  both  contacts 
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at  once,  in  which  case  the  cell  that  is  placed  between  the  bars  is  short-circuited 
and  may  be  damaged.  These  difficulties  are  overcome'  by  making  the  sliding 
contacts  in  two  parts  with  a small  resistance  connecting  them.  The  distances 
are  so  arranged  that  one  part  of  the  slider  is  in  contact  with  the  new  bar  before 
the  other  part  has  left  the  old.  Thus  the  circuit  is  not  broken,  and  also  the 
intervening  cell  is  not  short-circuited,  because  there 
is  a suitable  resistance  between  the  two  parts  of 
the  contact. 

Management  of  Secondary  Batteries. — 

One  of  the  drawbacks  to  the  employment  of  second- 
ary batteries  is  undoubtedly  the  rapid  deterioration 
to  which  they  are  liable  in  process  of  time ; more  • 
especially  if  they  are  not  carefully  and  intelligently 
managed.  The  difference  between  the  life  of  a 
battery  which  is  so  managed,  and  of  one  which  is 
left  pretty  much  to  take  care  of  itself,  is  consider- 
able, and  as  the  prime  cost  of  a battery  is  a serious 
item,  the  extra  trouble  of  looking  well  after  it  is  not 
thrown  away. 

In  the  first  place,  care  should  be  taken  that 
all  fuses  and  automatic  devices  intended  to  protect 
the  battery  from  an  excess  of  current,  either  in 
charging  or  discharging,  should  be  regularly  ex- 
amined and  occasionally  tested  to  see  that  they 
are  in  efficient  working  order.  Also,  when  the 
battery  is  in  constant  work,  the  e.  m.  f.  of  the 
•individual  cells,  and  the  density  of  the  acid  in 
each,  should  be  tested  and  recorded  in  a permanent 
form  once  a week.  Should  any  cell  at  these 
periodical  tests  show  signs  of  giving  way,  it  should 
be  at  once  cut  out  of  the  battery  and  examined. 

The  voltmeter  for  testing  the  e.  m.  f.  will  be  de- 
scribed subsequently.  For  testing  density  several 
special  forms  of  hydrometer  have  been  devised, 
three  of  which  are  shown  in  Fig.  463.  Of  these 
A is  a hydrometer  of  the  ordinary  type,  with 
the  usual  cylindric  bulb  flattened  so  that  it  can 

the  plates  of  the  cell.  It  has  also  a fairly  open  scale,  and  easily  distinguish- 
able marks  are  placed  at  the  limits  between  which  the  density  of  solution  should 
be.  For  E.  P.  S.  cells  this  density  should  be  between  i-i65  when  the 
cells  are  nearly  discharged,  and  1-200  when  they  are  fully  charged.  The 
Crompton-Howell  cell  is  worked  with  somewhat  denser  acid,  the  limits  being 
I 210  and  1 240.  Other  cells  should  be  worked  at  the  densities  specified  by 
e ma  ers.  b and  c in  Fig.  463  are  “bead”  hydrometers,  consisting  of  a 


A B c 

Fig-  463. — Hydrometer  for 
Secondary  Cells. 
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flattened  tube  with  openings  at  each  end,  in  which  four  glass  “ specific  gravity  ” 
beads  are  enclosed.  These  beads  float  at  different  densities  of  the  liquid  in 
which  they  are  immersed,  and  being  differently  coloured,  a glance  is  sufficient 
to  show  whether  the  density  is  within  the  prescribed  limits  or  not. 

One  cause  of  trouble  with  secondary  cells  is  the  evil  known  as  sulphating, 
which  is  caused  by  the  formation  of  a higher  and  more  insoluble  sulphate  of 
lead  than  the  ordinary  working  sulphate.  This  evil  is  much  lessened  by  the 
addition  of  about  one  pound  of  sodium  sulphate  to  every  ten  gallons  of  the 


electrolyte  before  it  is  placed  in  the  cells. 

Efficiency  and  Maintenance  of  Secondary  Batteries.— A most 
important  point  in  connection  with  the  working  of  secondary  batteries  is  their 
efficiency,  by  which  is  meant  the  ratio  between  the  energy  taken  out  of  the 
battery  and  the  energy  put  into  it.  This  ratio  measures  the  economic  value  of 
the  battery  as  a storer  and  transformer  of  energy.  For  a battery  doing  irregular 
work  it  is  not  easily  arrived  at.  But  for  one  in  constant  work  it  is  only  necessary 
to  have  a recording  watt-meter  to  measure  the  energy  put  in  during  charge,  and 
another  to  measure  the  energy  given  up  during  discharge. 

Professor  Kennedy,  in  a long  series  of  tests  extending  over  some  weeks, 
found  the  efficiency  of  a Crompton-Howell  battery  at  the  Dacre  Street  station 
of  the  Westminster  Electric  Corporation  to  be  86-5  per  cent.  The  battery  was 
in  constant  use  the  whole  time,  and  therefore  this  result  represents  the  com- 
mercial efficiency  attained  in  actual  practice. 

In  some  very  elaborate  laboratory  tests  made  by  Professor  Ayrton  on  some 
E.  P.  S.  cells  the  efficiency  was  found  to  be  about  85  per  cent.  These  tests  were 
made  under  conditions  approximating  to  those  obtaining  in  actual  practice, 
automatic  apparatus  being  constructed  which  caused  the  cells  to  be  fully  charged 
and  practically  fully  discharged,  for  many  times  in  succession. 

More  recently,  some  similar  tests  by  Professor  Ayrton  on  Epstein  accumu- 


lators have  given  an  efficiency  of  84  per  cent.  ^ ^ _ 

It  would  appear,  therefore,  that  with  careful  and  intelligent  supervision,  a 

modern  secondary  battery  can  be  relied  upon  to  give  out  from  80  to  87  pet 

cent,  of  the  energy  used  in  charging  it.  , 

The  cost  of  the  maintenance  of  the  battery  in  a good  condition  by  the 
renewal  of  plates,  etc.,  as  they  become  worn  out,  is  a serious  item  in  the  working 
of  secondary  batteries.  The  best  guide  to  the  present  position  of  this  part  of 
the  subject  is  to  quote  the  prices  which  the  makers  put  forward,  and  for  whic 
they  will  undertake  to  “maintain”  the  battery.  For  instance,  the  E ectrical 
Power  Storage  Company  are  willing  to  maintain  batteries  supplied  by  them  for 
lighting  purposes  at  rates  varying  from  10  to  20  per  cent,  per  annum  on  the  first 
cost.  The  Crompton-Howell  Company  for  their  part  ^ are  willing  to  underta -e 
similar  work  in  connection  with  their  batteries  at  rates  from  5 per  cent  per 
annum  upwards.  As  in  any  given  case  the  rate  would  be  fixed  ^h 

to  secure  the  company  from  actual  loss,  the  above  figures  may  be  taken 


what  in  excess  of  the  real  cost,  of  maintenance. 


PART  II.— DIVISION  II. 


PRACTICAL  APPLICATIONS  OF  ELECTRICITY. 


THE  ELECTRIC  LIGHT. 

HISTORY  OF  ELECTRIC  LIGHTING. 

Not  taking  into  account  natural  phenomena,  such  as  lightning  and  St.  Elmo’s 
fire,  etc.,  the  first  experimenter  who  produced  an  electrical  glow  was  Otto  von 
Guericke.  Neither  the  glow  of  electricity  nor  the  electric  spark,  nor  electrified 
gases  and  vapours  in  a rarefied  condition,  as  in  the  electric  egg  and  Geissler’s 
tubes,  have,  however,  been  used  for  producing  electric  light  for  practical 
purposes ; this  was  left  to  the  voltaic  arc  on  the  one  hand,  and  glow  lamps 
on  the  other.  Davy  (rSoo),  in  a letter  directed  to  Dr.  Beddoe,  mentions 
experiments  in  which  electric  sparks  were  obtained  between  two  carbon  points 
caused  by  a voltaic  pile.  In  these  and  similar  communications  before  1808 
no  mention  is  made  of  an  arc  light.  Davy  showed  the  arc  light  for  the 
first  time  in  1810  at  the  Royal  Institution ; and  for  this  purpose  he  made 
use  of  a battery  consisting  of  2,000  cells.  Foucault  (1844),  instead  of  using 
charcoal  enclosed  in  a vacuum,  as  Davy  did,  made  use  of  carbon  from  the  re- 
torts of  gas-works,  which  is  much  harder,  and  consequently  not  so  soon  con- 
sumed. Deleuil  made  use  of  Foucault’s  hand  regulator  to  light  the  Place  de  la 
Concorde,  Paris  ; it  was  placed  on  the  knees  of  the  allegorical  statue  of  the  town 
of  Lille  (Fig.  464). 

Adjusting  Apparatus.— Thomas  Wright,  London,  devised  the  first  appa- 
ratus (1845)  iri  which  the  adjustment  of  the  carbons  is  brought  about  automatic- 
ally. W.  E.  Staite  used  the  electric  current  for  the  regulation  of  the  carbons  in 
1848.  The  apparatus  represented  in  Fig.  465  is  the  regulator  of  Archereau, 
constructed  in  1849  on  the  same  principle  as  that  by  Staite  and  Perie.  .\  b,  c d, 
and  A c consist  of  copper ; t is  the  fixed  positive  carbon.  The  solenoid  s is 
fastened  between  the  rods  e f and  G h.  To  the  rod  j k is  fastened  the  negative 
carbon  The  current  enters  the  solenoid  through  the  positive  wire,  and 
leaves  the  apparatus  at  d.  Foucault  constructed  in  1858  the  apparatus  shown 
in  Fig.  466,  taken  from  La  Lumiere  Electrique.  The  two  carbons  a and 
b are  arranged  horizontally,  fixed  upon  the  rollers  c c' . The  clockwork  b m 
tends  to  move  the  carbons  towards  each  other;  they  are  connected  by  means  of 
a string  running  over  the  pulley  p with  it,  so  that  the  motion  can  take  place 


fig-  ,464---  The  First  Electric  Light  in  the  I’lncc  clc  la  Concorde, 
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only  when  the  clockwork  m also  moves.  The  lever 'l  and  the  string  p' p"  p'" 
are  so  arranged  that  c and  c'  move  at  the  same  time,  only  c' , having  the  negative 
carbon,  moves  much  more  slowly  than  c.  The  electric  current  before  it  enters 
the  carbons  has  to  pass  the  electro-magnet  E.  To  the  armature  a,  which  is 
movable  about  r,  the  rod  d is  fastened ; and  according  to  the  position  which  the 


F'E-  465.— Archereau’s  Regulator.  Fig.  466. — Foucault’s  Regulator. 


armature  has,  it  will  liberate  or  stop  the  clockwork.  The  spring  r tends  to  lift 
the  armature  from  the  electro-magnet.  By  means  of  the  catch  d the  clock- 
work may  be  stopped  by  the  hand.  The  voltameter  ic  compensates  for  varia- 
tions in  the  strength  of  current ; increasing  or  diminishing  the  resistance  by 
allowing  the  plates  to  take  different  positions  in  the  fluid.  When  the  carbons 
a and  b are  at  the  right  distance  from  each  other,  the  current  will  have  itr. 
normal  strength,  and  the  electro-magnet  attracts  the  armature  a.  In  this  position 
the  rod  d stops  the  clockwork,  and  the  carbons  remain  stationary.  If  the 
distance  of  the  carbons  by  means  of  their  consumption  becomes  too  large, 
i.e.  increases  the  resistance  in  the  circuit,  the  spring  r overcomes  the  force  of 
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Attraction  of  the  magnet  e,  and  the  armature  a is  lifted  off;  the  rod  d no 
longer  stops  the  clockwork,  and  f / can  move  towards  each  other  until  the 
resistance  of  the  circuit  has  its  original  value,  and  the  arc  has  its  normal 
length.  The  current  will  then  have  its  original  strength,  and  cause  the  electro- 
magnet E to  attract  the  armature  a again. 

Le  Molt,  Roberts,  Slater  and  Watson,  Christopher  Binkes,  and  Chapman 

constructed  improved  apparatus  which 
we  shall  consider  farther  on.  The  lamp 
constructed  by  Lacassagne  and  Thiers 
(1855),  shown  in  Fig.  467,  deserves 
notice : on  the  one  hand,  because  it 
has  a regulation  on  a hydrostatic 
principle ; on  the  other  hand,  because 
it  was  the  first  so-called  differential 
lamp.  The  carbon  k is  fixed  and  the 
lower  carbon  k'  is  pushed  upwards  by 
means  of  the  mercury  contained  in  the 
cylinder  B B.  To  light  the  lamp  when 
inserted  in  a circuit,  the  two  carbons 
are  moved  asunder  by  the  hand.  The 
mercury  of  vessel  a would  push  the 
carbons  at  once  together,  were  it  not 
prevented  by  a valve.  The  tube  d d 
has  another  tube  <?  /,  the  two  divisions 
of  which  are  connected  by  means  of 
a short  piece  of  india-rubber  tubing  at 
E.  When  the  current  goes  through  the 


Fig.  467. — Lacassagne-Thiers’  Lamp. 


rubber  tube  together,  preventing  the 
mercury  from  entering  the  cylinder  b b. 
The  electro-magnet  h is  in  shunt  to 
the  main  circuit,  and  has  but  little 
power  as  long  as  the  current  has  its 
normal  strength,  />.  as  long  as  the  resistance  in  the  main  circuit  remains 
normal.  The  strength  of  the  current  in  the  shunt  circuit  will  increase  with  the 
increase  of  resistance  in  the  main  circuit,  t.e.  proportionately  to  the  burning 
away  of  the  carbons.  As  soon  as  the  force  of  the  electro-magnet  H has  become 
greater  than  that  of  the  magnet  C c,  it  will  attract  the  armature  i in  its  turn ; 
this  will  relieve  the  tube  E of  pressure,  and  the  mercury  can  then  flow 
from  A to  B B,  and  raise  the  carbon  k'  until  the  normal  length  of  the  arc  is 
again  obtained,  when  the  electro-magnet  c c will  be  powerful  enough  to  stop 
the  motion.  The  motion  of  the  carbon  k'  is  regulated  by  the  different 
effects  of  the  two  electro-magnets  c and  h.  This  apparatus  answered 
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very  well,  and  both  Lacassagne  and  Thiers  made  use  of  it  on  different 
occasions. 

Serrin  constructed  his  lamp  in  1857,  and  nothing  but  the  high  cost  at  which 
electricity  could  be  generated  stood  in  the  way  of  using  it  for  lighting  on  a larger 
scale.  With  the  invention  of  the.  Pacinotti-Gramme  ring  and  the  utilisation  of 
the  dynamical  principle,  generators  of  electricity  were  obtained  which  furnished 
powerful  electric  currents  at  a comparatively  moderate  price,  and  the  improve- 
ments in  the  lamps  kept  pace  with  the  other  inventions.  To  make  use  of  the 
electric  light  on  a larger  scale,  however,  the  problem  of  dividing  the  electric 
light  had  yet  to  be  solved. 

Paul  Jablochkoff. — The  first  step  towards  the  division  of  the  electric  light 
was  made  by  Paul  Jablochkoff  (1876),  by  the  invention  of  the  electric  candle  bear- 
ing his  name.  Paul  Jablochkoff  was  born  at  Serdobsk  (1847);  he  received  a 
careful  education,  and  finished  his  studies  at  St.  Petersburg.  In  1871  he  was 
appointed  director  of  the  telegraph  lines  between  Moscow  and  Kursk.  In  spite 
of  highly  flattering  offers  which  the  Russian  Government  made,  he  resigned  his  post 
m 1875,  anxious  to  devote  his  whole  time  to  private  studies.  He  intended  to 
see  the  Exhibition  of  Philadelphia  (1876);  his  journey,  however,  found  its  end  at 
Paris,  where  he  became  acquainted  with  Breguet,  who  placed  his  laboratory  at 
JablochkofFs  disposal,  and  introduced  him  to  his  friends,  aiding  him  as  much  as 
possible.  Owing  to  this  kind  reception  and  encouragement,  Jablochkoff,  after 
a stay  of  eight  months,  invented  his  candle.  The  invention  of  the  electric 
cand  e caused  a great  sensation.  In  1881  about  4,000  lamps  with  Jablochkoffs 
candles  were  in  use ; but  as  their  use  increased  their  defects  were  found  out. 
Kegulated  lamps  were  again  brought  into  use,  and  with  them  experimenters 
again  endeavoured  to  solve  the  problem  of  dividing  the  electric  light. 

I he  several  parts  of  a circuit,  as  we  know,  may  be  arranged  either  in  series 
parallel  Let  us  first  consider  in  what  manner  the  current  has  to  branch  off 
0 make  the  different  lamps  independent  of  each  other  when  joined  in  series 
The  circuit  s s (Fig.  468)  divides  at  « into  two  branches,  which  unite  again  at  b 
hen  aga,„  branch  off  al  r,  and  unite  a,  rf.  By  this  arrangement  the^currents 

of  these ‘‘toancV’  “>  “tersely  as  the  resistances 

eoud  to  Z T’  “.I  "i''  '’^“'^hes  will  be 

hLs  gL  for  “"divided  circuit  s.  The  same 

verted  f„  this  circuit  so  rt  ireir^Sbo^nraTe  r^or^T'  buf  tlltr;  T ”■ 

solved,  for  the  system  works  as  follows  t When  the  current  dWdes  at  u°the 

earoThTthrLtr®''  ==  ‘“"S  =>=  ‘wo  carbons  touch 

sistance  Wlren  " spi-l  of  high  re 

resistance  in  s ' ’ a separated  and  the  arc  formed,  the 

cartas  umil  ' ■’  *“‘“8''  b“™"g  away  of  the 

Totn  thro  gt  r^T^htbr^  'th  “'"r 

nrough  s,.  This  brings  the  regulating  mechanism  into  operation, 
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and  the  carbons  are  brought  near  each  other  again.  The  regulation  of  the 
lamp  takes  place  between  the  poiats  a and  b,  and  the  strength  of  the  current  also 
changes  in  the  branches  between  these  points  only.  The  strength  of  current 
in  the  undivided  circuit  remains  unaltered ; hence,  if  now  between  c and  d a 
second  lamp  be  inserted,  it  will  be  entirely  independent  of  the  first  lamp  and 
of  the  regulations  and  fluctuations  of  current  combined  with  it.  The  first 
lamp  constructed  on  this  shunt-regulator  principle  was  that  of  Lacassagne  and 

Thiers,  already  described.  As  the 
lamp  was  neither  constructed  nor  used 
for  the  division  of  light,  priority  in 
the  discovery  of  a solution  of  the 
problem  of  division  of  light  is  due  to 
Tschikoleff,  who  exhibited  lamps  so 
arranged  in  1877. 

The  mode  of  conducting  the  cur- 
rent above  described  is  mostly  used 
for  arc  lamps.  When  glow  lamps  are 
used  the  parallel  arc  system  answers 
better  (Fig.  469).  Here  the  current  passes  the  different  lamps  at  the  same 
time,  whilst  in  the  former  system  the  current  passes  one  lamp  after  the  other. 
The  lamps  are  in  parallel  or  divided  circuit,  instead  of  being  in  series.  To 
distribute  the  current  with  glow  lamps  joined  parallel,  we  have  already  found 
the  best  method  to  be  that  of  using  compound  machines. 

The  History  of  Incandescent  Lamps. — Although  only  quite  recently 

glow  lamps  have  been  constructed  in 
such  forms  and  with  such  qualities  as 
to  answer  practical  purposes,  attempts 
to  produce  them  were  made  some  years 
ago.  Jobart  proposed  (1858)  to  make 
use  of  a small  carbon  in  a vacuum. 
F.  Moleyns,  of  Cheltenham,  took  out 
a patent  for  a lamp,  which  had  a 
glowing  platinum  spiral  upon  which 
coal-dust  was  allowed  to  fall.  Du 
Moncel  (1859)  obtained  very  good 
results  by  experimenting  with  carbon  filaments  of  cork,  sheepskin,  etc.  Konn  took 
out  a patent  for  the  lamp  shown  in  Fig.  470.  By  means  of  the  screw  l and  india- 
rubber  discs  a glass  globe  is  fixed  air-tight  to  the  copper  socket  a.  To  a two 
copper  tubes  are  attached  ; one  of  them  d carries  the  plate  G ; the  second  tube 
has  the  movable  rod  c and  the  disc  f and  lid  j.  The  tube  d is  insulated,  and  is 
connected  with  the  insulated  screw  n.  The  other  tube  is  not  insulated.  At  k is 
a valve  which  only  opens  outwards.  Between  two  disc-shaped  plates  f and  g 
the  five  couples  o are  fixed,  each  of  them  having  a carbon  rod  e.  The  upper 
ends  of  the  carbon  rods  are  unequal,  so  that  the  lid  rests  only  upon  one  carbon 


Fig.  469. — Parallel  Arrangement. 
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at  a time.  The  vessel  is  exhausted  before  use  is  made  of  the  lamp.  The 
current  enters  through  the  clamp  n,  passes  d 
and  G,  and  enters  one  of  the  carbons  e.  The 
current  then  flows  through  c into  the  socket  a, 
leaving  the  lamp  through  a second  clamp  not 
drawn  in  the  figure.  The  carbon  rod  becomes 
white-hot,  giving  a steady  and  quiet  light. 

When  the  cross  section  of  the  burning  carbon 
is  so  hot  as  to  break,  the  lid  j falls  upon 
the  next  carbon,  and  brings  it  into  the  circuit. 

To  prevent  glowing  pieces  of  carbon  from  fall- 
ing upon  the  glass,  the  copper  cylinder  m is 
introduced.  Between  the  years  1877  and  1880 
glow  lamps  were  much  improved  by  Swan, 

Maxim,  Lane -Fox,  and  Edison;*  the  last 
especially  drew  attention  to  his  system  of  light- 
ing at  the  Exhibition  of  Paris,  1881. 

General  Features  and  Classification 
of  Electric  Lamps. — For  the  production 
of  the  electric  light  two  methods  are  made 
use  of  at  present.  One  method  is  to  pro- 
duce the  voltaic  arc,  the  other  to  utilise  the 
electric  current  by  causing  it  to  bring  sub- 
stances of  high  resistance,  such  as  carbon,  to 
a white  heat.  In  all  cases,  to  produce  electric  Fig.  470.— Konn’s  Lamp. 

* As  the  career  of  Thomas  Alva  Edison  has  been  in  many  respects  a most  remarkable  one,  it  may 
interest  our  readers  if  we  give  a few  details  respecting  it He  was  bom  in  1847,  on  the  loth  of 
February,  at  Milan,  in  the  State  of  Ohio.  He  passed  his  childhood  at  Port  Huron,  in  Michigan.  His 
mother  taught  him  reading,  writing,  and  arithmetic  ; but  his  further  education  he  obtained  by  private 
study,  without  any  help  or  assistance  whatever.  Owing  to  the  straitened  circumstances  of  his 
parents,  he  began  to  earn  his  livelihood  at  the  age  of  twelve  as  “ train  boy,”  a kind  of  traveUing  porter, 
on  the  line  between  Canada  and  Central  Michigan.  Whenever  his  duties  allowed,  he  employed  himself 
in  his  luggage  van  in  reading  and  studying  books  which  he  bought  with  his  earnings.  Amongst  other 
books  he  came  across  was  R.  Fresenius’  “ Qualitative  Analysis.”  He  made  himself  perfectly  master  of 
its  contents,  and,  thanks  to  his  iron  will,  overcame  the  difficulties  which  were  placed  in  his  way,  by 
fitting  up  a laboratory  in  his  luggage  van,  where  he  experimented  during  his  journeys.  Entering  on 
one  occasion  the  office  of  the  Detroit  Free  Press,  he  observed  that  worn-out  type  was  Just  then  being 
^ered  for  sale.  He  bought  the  most  necessary  appliances,  and  a few  days  after  he  published  the 
Grand  Trunk  Herald,  of  which  he  was  the  editor.  This  paper  he  offered  for  sale  to  his  passengers, 
rhe  undertaking,  however,  came  to  a sudden  end  ; a bottle  containing  phosphoras  fell  down  and 
caused  a fire  in  the  luggage  van.  Although  the  guard  and  Edison  extinguished  it  at  once,  the  former, 
to  prevent  similar  accidents,  threw  the  whole  of  Edison’s  materials  out  of  the  window.  His  second 
journalistic  attempt,  under  the  title  of  Paul  Pry,  also  came  to  a sudden  end.  All  contributors,  a« 
long  as  they  did  not  claim  payment,  were  welcomed  by  Edison.  It  happened,  as  a consequence,  that 
pnvate  individuals  and  public  institutions  were  sometimes  attacked  by  his  paper,  in  anonymous  con- 
nbutions.  One  morning  Edison  happened  to  meet  an  inhabitant  who  had  been  violently  attacked  bv 
that  same  morning,  and  the  latter,  without  further  preliminaries,  took  Edison  by  the  collar 

saved  himself  by  swimming,  but  Paul  Pry  no  longer  ap- 
ime  was  a ways  of  value  to  him,  and  to  gain  the  twenty  minutes  which  he  required  at  first 
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light,  electric  energy  has  to  be  converted  into  heat.  We  have  already  had 
under  consideration  the  laws  according  to  which  the  conversion  takes  place. 
To  use  electricity  for  lighting  purposes  it  is  necessary  to  distribute  the  resist- 
ances in  the  circuit,  so  that  the  current  finds  a great  resistance  in  the  lamps, 
but  only  a slight  amount  in  the  remainder  of  the  circuit.  In  this  way  the  energy 
of  the  electric  current  will  be  converted  almost  completely  into  light,  and  the  loss 
caused  by  heating  the  wires  reduced  to  a minimum.  The  theoretic  principles 
have  been  brought  into  the  following  practical  forms  : 

1.  At  that  point  of  the  circuit  at  which  light  is  to  be  produced,  a con 

ductor  of  great  resistance  is  placed,  and  is  brought  to  a white  heat 
by  the  passing  current. 

2.  When  the  arc  principle  is  used  the  circuit  is  broken  at  the  particular 

point  where  light  is  to  be  produced,  and  one  of  the  two  ends  is  always 
a carbon  rod,  having  a small  cross  section.  These  ends  are  first 
made  to  touch  each  other,  and,  when  the  current  is  established,  are 
drawn  a short  distance  apart.  The  spark  usually  observed  on  breaking 
a circuit  leaps  across,  and,  if  the  distance  be  not  too  great,  is  followed 
by  other  sparks  in  rapid  succession.  The  light  given  out  by  these  sparks, 
together  with  the  brilliant  glow  of  the  carbon  points  raised  to  incan- 
descence by  the  heat  developed,  constitutes  the  arc  light. 

3.  In  some  lamps  the  two  principles  are  combined  by  placing  between  the 

poles  of  the  voltaic  arc  some  refractory  substance  which  is  raised  to  in- 
candescence by  the  heat  of  the  arc. 

Lamps,  therefore,  may  be  conveniently  divided  into  the  following  groups  : 

The  first  group  comprises  all  those  lamps  depending  on  the  use  of  a bad 
conductor  in  an  uninterrupted  circuit  to  produce  the  glow.  To  the  second 
group  belong  those  lamps  which  use  the  principle  of  the  voltaic  arc  leaping  a gap 
in  the  electric  continuity  of  the  circuit.  The  light  of  these  lamps  is  a com- 
bination of  incandescent  and  arc  light,  composed  of  the  glowing  of  the  carbon, 
and  voltaic  arcs,  formed  between  the  electrodes,  which  nearly  touch  each 
other. 

to  walk  from  the  station  to  his  home,  he  heaped  some  sand  at  the  back  of  his  house,  which  stood  close 
to  the  line,  and  on  this  sand-hill  he  alighted  as  the  train  passed.  His  saving  a child  from  death  led  to 
his  learning  telegraphy.  Edison,  standing  on  the  platform  of  Port  Ellmont,  observed  a child  playing 
on  the  rails  in  front  of  an  approaching  train.  Edison,  without  hesitating  a moment,  jumped  off  the 
platform  and  snatched  up  the  child.  The  engine  grazed  Edison’s  body,  but  he  was  only  slightly  in- 
jured, and  fell  down  at  the  other  side  of  the  rails  with  the  rescued  child  in  his  arms.  The  father  of 
the  child,  the  station-master  of  Port  Ellmont,  whose  acquaintance  he  thus  made,  instructed  Edison 
systematically  in  telegraphy.  Edison  then  left  his  post  as  " train  boy,"  and  devoted  his  time  to  tele- 
graphy. It  was  not  very  long  before  he  not  only  surpassed  all  his  colleagues  in  his  skill  and  speed  of 
working,  but  also  made  invention  after  invention.  To  mention  them  all  would  lead  us  beyond  our 
limits.  For  improvements  in  connection  with  the  Morse  apparatus  alone,  Edison  possessed,  in  i88r, 
thirty-six  patents.  He  left  the  telegraph  service,  and  fitted  a large  laboratory  at  Menlo  Park,  ne^ 
New  York,  where  he  made  his  greater  inventions,  as,  for  instance,  the  phonograph.  To  complete  this 
brief  sketch  of  a very  remarkable  man,  it  may  be  added  that  he  is  as  much  esteemed  in  social  and 
domestic  life  by  those  who  know  him  intimately,  as  he  is  appreciated  by  the  world  at  large  as  a great 
inventor. 
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Lamps  producing  the  voltaic  arc  may  be  divided  into  three  groups.  To 
the  first  group  belong  those  lamps  which  have  the  relative  positions  of  their 
carbons  regulated,  by  means  of  some  contrivance,  according  to  the  strength 
of  the  current ; and  to  the  remaining  two  groups  belong  all  lamps  in  which  the 
carbons  remain  unaltered  as  long  as  the  arc  is  glowing.  The  constancy  of  the 
length  of  the  arc  is,  as  Uppenborn  expresses  it,  effected  by  the  geometrical 
construction  of  the  lamp. 

The  following  classification  may  therefore  be  regarded  as  convenient ; — 

1.  Glow  lamps  or  incandescent  lamps,  in  which  the  light  is  produced  by 

means  of  a bad  conductor  in  an  uninterrupted  circuit,  the  conductor 
not  being  subject  to  a regular  combustion. 

2.  Mixed  or  semi-incandescent  lamps,  half  glow  and  half  arc,  as  already 

described. 

3.  Regulated  lamps.  The  light  is  formed  by  means  of  the  voltaic  arc,  and 

the  distance  of  the  carbons  is  continually  regulated  by  clock-work  or 
other  means,  according  to  the  strength  of  the  current  and  rate  of  wear- 
ing of  the  carbon. 

4.  Electric  candles.  This  light  is  also  produced  by  the  voltaic  arc,  but 

the  distance  of  the  carbons  from  each  other  during  burning  is  not 
altered,  and  the  carbons  are  parallel  to  each  other.  Alternating  currents 
are  used. 

5.  Lamps  having  their  carbons  opposite  to  each  other,  the  light  produced 

being  that  of  the  ordinary  voltaic  arc,  either  entirely  unregulated  or 
regulated  by  hand. 


GLOW  OR  INCANDESCENT  LAMPS. 

Edison’s  Glow  Lamp. — The  first  glow  lamp  which  T.  A.  Edison  con- 
structed had  platinum  wire,  similar  to  the  one  devised  by  Changy.  Edison 
examined  the  properties  of  many  organic  and  inorganic  substances,  with  a view 
of  finding  the  best*  substance  for  the  filament,  and  fixed  finally  upon  bamboo 
fibre. 

By  means  of  machinery  the  bamboo  is  divided  into  fibres  of  0^04  inch 
in  diameter,  and  5 inches  in  length.  These  fibres  are  pressed  into 
U-shaped  moulds,  which  are  put  by  thousands  into  ovens,  where  they  are 
allowed  to  become  carbonised.  The  carbon  filament  is  attached  to  platinum 
wires,  which  are  fused  in  a glass  vessel  having  the  form  shown  in  Fig.  471. 
The  vessels  are  exhausted  by  air-pumps,  constructed  by  Edison  for  the  purpose. 
During  exhaustion  an  electric  current  is  sent  through  the  carbon  filament,  for 
the  purpose  of  driving  off  any  gases  which  might  have  been  absorbed  by  the 
carbon.  To  prevent  the  platinum  wires  from  melting  at  high  temperature, 
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the  carbon  filaments  are  considerably  thicker  at  the  end  connected  with  the 
platinum  wires,  so  as  to  offer  less  resistance  to  the  current.  The  free  ends 
(Fig.  472)  of  the  platinum  wires  are  connected  wth.  the  copper  sockets  d and  e, 
which  are  insulated  from  each  other  by  plaster  of  Paris,  f and  c are  copper 
pieces  which  are  separated  by  the  disc  l,  consisting  of  insulating  material 


Fig.  471. — Edison’s  Lamp. 


Fig.  472. — Edison’s  Lamp  Fitting. 


M is  a wooden  ring  serving  to  insulate  the  different  metal  plates  from  each 
other.  By  screwing  in  a lamp  contact  is  made  between  e and  f,  and  be- 
tween the  plates  c and  d at  the  same  time.  By  means  of  the  plates  b j 
and  A K,  which  touch  each  other,  contact  is  made  within  the  wooden  ring. 
This  ring  consists  of  two  portions  covered  with  sheet  brass.  The  first  por- 
tion of  the  wooden  ring  is  connected  with  the  wires  leading  from  c and  f. 
Wires  from  the  circuit  are  pressed  by  means  of  screws  against  the  plates  a 
and  K. 

Fig.  473  represents  the  key  for  turning  the  lamps  on  and  off.  The  wire 
leading  from  f (Fig.  47^)  divided  in  the  middle,  one  portion  leading  from 
f to  G,  the  other  from  h to  i (Fig.  473).  As  the  two  plates  G and  H are 
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insulated  from  each  other,  contact  must  be  made  to 
allow  the  current  to  pass  when  the  lamp  is  to  be 
lighted  It  is  made  by  the  cone  at  the  end  of  the 
screw  or  axis  of  the  key.  By  breaking  contact  the 
light  is  put  out.  To  give  an  end-way  motion  of  the 
key,  when  turned  either  way,  the  central  axis  has  a 
projecting  pin,  working  in  a spiral  slot,  as  shown  in 
Fig.  473-  By  turning  the  key  one  way,  the  cone 
of  the  key  a comes  between  the  plates  h and  g; 
and  by  turning  it  the  other,  the  cone  is  forced  above 
these.  When  contact  is  made  between  the  plates 
G and  H by  means  of  the  cone,  the  current  flows 
through  the  wire  (Fig.  472)  to  disc  a,  then  through 
B,  c,  D into  the  lamp,  flowing  through  the  carbon 

filament  and  then  to  e;  from  here  the  current  flows  to  G,  and  through  the 
cone  to  H,  leaving  the  lamp  by  means  of  the  wire  h i and  the  plate  k. 

The  following  table  gives  the  candle-power,  resistance,  and  e.  m.  F.  of  the 
first  lamps  in  practical  use  : 


B'ig.  473. — Edison’s  Key. 


Candle-power. 

Resistance. 

Electromotive  Force. 

A Lamp 

16  candles 

140  ohms 

103  volts 

32  » 

70  „ 

103  » 

B Lamp 

8 „ 

70  » 

56  >. 

10  „ 

250  „ 

103  „ 

Fig.  474  represents  an  arm  having  joints  at  a,  b,  and  c.  Fig.  475  shows 
the  arrangement  of  the  joints  a and  b.  At  c (Fig.  474)  is  a key  constructed  as 


Fig.  475- — Joint  of  Bracket. 


Fig.  474. — Bracket  for  an  Edison  Lamp. 
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described  above ; a short  portion  of  the  wire  leading  into  this  joint  is  made 
of  lead,  to  prevent  the  destruction  of  the  carbon  filament  in  the  lamp.  The  cross 
section  of  the  leaden  wire  is  such,  that  should  the  strength  of  current  increase 
beyond  a certain  limit  it  will  become  heated  and  melt  off,  thus  breaking  contact. 

Edison  s Regulator. — Edison  further  constructed  a lamp  with  a regu- 
lator, by  means  of  which  the  intensity  of  the  light  may  be  varied  as  desired. 

476  represents  the  portable  lamp,  and  Fig.  477  the  regulator  of  it.  The 


latter  is  a kind  of  carbon  rheostat,  consisting  of  carbon  rods  of  different 
diameters.  The  length  and  substance  being  the  same,  the  resistance  of  these  rods 
must  be  different ; and  by  inserting  one  or  other  of  the  rods  into  the  circuit  the 
desired  intensity  is  obtained.  To  prevent  the  apparatus  becoming  heated,  the 
cylinder  which  surrounds  it  has  openings  allowing  air  currents  to  pass  through. 
Regulation  is  brought  about  by  means  of  the  disc,  which  is  drawn  separately  at 
the  bottom  of  the  figure,  and  by  means  of  which  contact  is  made  with  dif- 
ferent carbon  rods.  An  index  on  the  disc  and  a graduation  at  the  lower  edge 
of  the  cylinder  give  the  degree  of  intensity  of  the  lamp  for  the  insertion  of  each 
carbon  rod. 

Fig.  478  represents  a lamp  used  in  mines.  The  lamp  is  placed  in 
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• a vessel  containing  water.  The  connection  of  the  conducting  wires  is  so 
arranged  that  their  points  of  contact  are  under  water,  therefore  all  risk  of 
explosion  by  means  of  the  lamp  is  avoided.  The  danger  of  suffocation  is, 
of  course,  not  avoided,  as  there  is  nothing  in  the  lamp  to  indicate  the  presence 
of  noxious  gases  in  the  mine. 

From  the  foregoing  description  it  may  be  seen  that  Edison’s  lamp  was  well 
considered  in  all  its  details,  and  combined  with  the  advantages  of  electric  lighting 
the  convenience  of  gas-light,  without  its  drawbacks  and  dangers.  Each  lamp  was 
guaranteed  to  burn  800  hours  ; after  about  that  period  the  lamp  perished ; but 


Fig.  478. — The  Miner’s  Lamp. 


taking  into  consideration  the  low  price  of  each,  and  that  with  most  other  systems 
of  lighting  the  cost  of  fittings  is  unavoidable,  this  has  scarcely  proved  to  be  an 
obstacle  such  as  to  prevent  the  lamp  from  being  extensively  used  for  practical 
purposes. 

Swan’s  Glow  Lamp. — Swan  has  done  much  towards  the  perfection 
of  glow  lamps.  Long  before  Edison,  he  tried  to  obtain  more  durable  carbon 
filaments.  Too  little  attention  had  been  paid  by  other  experimenters  to  the 
exhaustion  of  the  vessel  containing  the  carbon,  and  also  to  the  diminution 
of  resistance  at  the  ends  of  the  carbon  connected  with  the  platinum  wire, 
^'g-  479  shows  a lamp  by  Swan.  The  platinum  wires  are  carefully  fused 
into  a little  glass  tube  ending  in  two  loops  outside.  The  lower  portion  consists 
of  gutta-percha  which  has  a glass  screw,  by  means  of  which  the  lamp  might 
be  screwed  upon  any  ordinary  gas-arm  after  removal  of  the  burner.  Each  of  the 
platinum  hooks  is  connected  with  one  of  the  terminal  screws.  The  carbon  is 
four  inches  long,  and  is  prepared  from  cotton  fibres  soaked  in  sulphuric  acid  (2 
parts  acid  to  i part  water) ; they  undergo  a similar  change  to  paper  when  similarly 
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treated,  i.e.  artificial  parchment  is  obtained.  The  fibre,  which  after  the  treatment 
is  more  tenacious,  is  bent  into  the  form  required,  and  is  placed  in  a crucible 
filled  with  fine  coal-dust,  hermetically  closed  and  exposed  to  heat.  The  carbons 
are  fastened  to  the  platinum  wires  in  the  following  manner : Their  ends  are 
made  to  overlap,  and  are  bound  together  by  cotton,  which  again  is  carbonised. 


Fig.  479 — The  Swan  Lamp. 


Fig.  480 — The  Miner’s  Swan  Lamp. 


The  following  is  a table  of  the  early  Swan  lamps,  showing  the  resistance  for 
particular  strength  of  current  and  e.  m.  k.  : 


Class. 

Volts. 

Amperes. 

Ohms,  cold. 

Ohms,  heated  condition  by 
calculation. 

Candles. 

A3 

36 

1-422 

36 

25'3I 

16 

Ai 

41 

I -28 

S3 

32-03 

18 

46 

1-32 

54 

34-84 

20 

C 

50 

I '343 

65 

37-23 

20 

D 

52 

I ’235 

74 

42U 

20 

E 

54 

I '21 

82 

44-63 

20 

The  lamp  shown  in  Fig.  480  was  intended  for  mines. 
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Maxim’s  Glow  Lamps  (Fig.  481). — The  carbon  b,  of  gridiron  shape,  is 
carried  by  the  two  platinum  wires  c d and  which  are  fused  into  the  glass 

at  D D^.  The  glass  tubes  d are  conically  shaped,  so  that  very  small  intervals 
between  the  glass  and  wires  may  be  obtained.  The  mode  of  fastening  the  carbon 
to  the  platinum  wires  at  c q is  shown  in  Fig.  482  (side  view).  To  the  wire  a little 
plate  b is  soldered  with  gold,  after  that  comes  a plate  of  soft  carbon  s,  then  the 


carbon  b,  then  a soft  carbon  plate  Sj,  and  last  a platinum  plate  by  All  these 
parts  are  held  together  by  the  screw  0 t.  The  glass  vessel  a is  fastened  into  the 
metal  ring  e by  means  of  plaster  of  Paris  f,  which  also  enters  the  tubes  d d^. 
Owing  to  the  difference  of  the  co-efficients  of  expansion  of  glass  and  platinum, 
fractures  were  frequently  made  through  which  the  air  could  pass.  To  prevent 
this  as  much  as  possible,  Maxim  divides  the  platinum  wire  into  fibres,  and  fuses 
each  platinum  fibre  into  the  glass  separately.  These  fibres  are  again  united,  g 
IS  a layer  of  shellac,  or  some  similar  substance,  to  insure  an  air-tight  fit.  The 
ase  of  the  lamp  h consists  of  vulcanite,  or  other  insulating  material,  screwed  to 
the  metal  piece  l.  The  platinum  wire  on  one  side  c goes  to  the  metal  screw  j, 
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whilst  on  the  other  side  it  ends  in  the  metal  piece  k,  which  is  insulated  from 
its  base,  r is  a metal  ring,  the  upper  surface  of  which  lies  directly  under  k, 
and  makes  contact  with  it  when  the  base  h is  screwed  down.  The  current 
enters  through  the  wire  s,  which  is  soldered  to  the  ring  r,  and  leaves  the 
lamp  at  c by  means  of  L,  with  which  a second  wire  is  connected  ; or  where  the 
lamps  are  fastened  to  gas-arms,  by  means  of  the  support. 

Maxim  prepared  the  carbon  for  these  lamps  from  Bristol  paper.  An  M -shaped 
piece  of  paper  is  first  cut,  and  then  partly  carbonised.  This  is  fastened  to  the 


Fig.  483. — Maxim  Bracket. 


platinum  wires  and  placed  in  a vessel  a.  The  air  in  the  vessel  is  exhausted, 
and  then  gasoline  vapours  are  allowed  to  enter  ; these  are  again  subjected  to  a 
pressure  of  about  inches,  and  the  partly  carbonised  paper  is  inserted  into 
a circuit.  The  electric  current  decomposes  the  gasoline,  and  deposits  minute 
particles  of  carbon  in  the  pores  of  the  paper.  It  is  a matter  of  importance  that 
the  latter  shall  be  made  to  glow  strongly,  and  to  rarefy  the  gasoline  vapours. 
Without  this  rarefaction,  carbon  is  too  quickly  separated  out  and  adheres  to  the 
surface  of  the  paper  only.  To  obtain  carbons  having  the  same  resistance,  and  so 
producing  lamps  of  the  same  intensity,  Maxim  inserts  a standard  lamp  into  the 
circuit,  and  allows  the  carbon  to  be  deposited  until  both  lamps  have  the  same 
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intensity.  The  glass  vessel  is  then  exhausted  as  perfectly  as  possible,  and  the 
lamp  fitted  in  the  way  we  have  described.  Fig.  483  represents  a Maxim  lamp 
fitted  upon  a bracket.  The  carbon  of  the  Maxim  lamp  has,  when  cold,  a 
resistance  of  73  ohms,  and  when  hot  39  ohms.  It  requires  an  E.  m.  f.  of  48 
volts,  and  a current  of  1-25  amperes.  The  intensity  of  its  light  is  equal  to  that 
of  14-6  standard  candles.  In  order  that  accident  or  damage  to  one  part  may 


not  necessitate  the  throwing  away  of  the  whole  lamp,  Maxim  afterwards  modified 
the  forms  both  of  his  carbons  and  glass  vessels. 

Cruto’s  Lamp. — The  lamp  by  Cruto,  represented  in  Fig.  484,  was  first 
used  during  the  Exhibition  at  Munich.  The  carbon  of  this  lamp  is  made  in  the 
lollowing  manner : A fine  platinum  wire  is  maintained  at  red  heat  by  the  electric 
current  in  an  atmosphere  of  hydro-carbons,  which  is  decomposed,  its  carbon  being 
deposited  on  the  platinum  wire.  The  platinum  is  then  volatilised  by  increasing 
the  current,  and  thus  a hollow  carbon  filament  is  produced.  At  first  the  form 
of  a spiral  was  given  to  the  carbon ; the  more  recently  constructed  lamps,  how- 
ever, had  the  then  usual  horse-shoe  filaments.  Lamps  of  4,  8,  and  16  candles, 
with  one  and  with  two  carbons,  were  constructed  in  this  way. 

The  Boston  or  Bernstein  Lamp  differs  in  principle  and  in  form  from 
other  glow  lamps.  By  giving  greater  length  and  reducing  the  cross  section  of  the 
carbon  filaments  in  other  lamps  a high  resistance  is  obtained,  and  the  lamps  must 
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therefore  be  joined  parallel ; but  the  Boston  lamps,  owing  to  the  construction  ol 
their  carbons,  can  be  joined  in  series.  The  carbon  for  the  lamp  is  produced  in 
the  following  manner  : Silk  tubes,  or  tubes  consisting  of  a similar  material,  are 
covered  with  paste  and  allowed  to  dry.  They  are  then  carbonised  in  iron  boxes 
containing  graphite  or  coal-dust.  The  carbons  are  fastened  to  the  wires  by 
means  of  a paste  consisting  of  coal-dust  and  cement.  This  mixture  becomes 
very  hard,  and  makes  a good  connection  between  the  carbon  and  the  conducting 
wires  (Fig.  485). 

Measurements  made  during  the  Exhibition  at  Vienna  showed  that  the  50- 
candle  lamp  required  a current  of  5’39  amperes  and  28‘387  volts  {i.e.  151  volt- 
amperes).  With  the  Boston  lamp  a light  of  292  candles  can  be  obtained  per 
horse-power,  whereas  the  measurements  made  during  the  Exhibition  at  Munich 
gave  for  Edison’s  lamp  only  186,  for  the  Swan  lamp  180,  and  the  Maxim  lamp 
109  candles  per  horse-power. 

Bohm’s  Lamp. — Bohm  constructed  his  lamp  with  a view  of  saving  the 
glass  vessel  when  the  carbon  had  become  useless  (Fig.  486).  r is  a tube  for 
exhausting  the  glass  vessel  The  well-ground  stopper  has 
a groove  cut  in  it  at  c to  correspond  with  the  tube  r.  After 
the  vessel  has  been  exhausted  the  stopper  need  only  be 

turned  to  prevent  the  air  from 
entering.  The  wires  with  the 
carbon  are  fused  into  the  portion 
s s of  the  stopper.  To  replace 
a worn-out  carbon  filament  the 
stopper  is  simply  taken  out,  and 
a new  carbon  fixed  to  the  wires. 

Diehl’s  Lamp. — The  chief 
difficulty  in  the  construction  of 
glow  lamps  is  to  fuse  the  wires  so 
as  to  leave  no  places  in  the  glass 
vessel  which  will  allow  air  to 
enter.  Diehl  in  constructing  his 
lamp  avoids  this  difficulty  by  having  no  wires  at  all 
fused  into  the  glass.  The  glass  bulb  of  the  lamp 
(Fig.  487)  consists  of  two  tubes  ^^and  G g,  closed  at 
their  upper  ends,  their  other  or  free  ends  being  fused 
together.  The  inner  tube  is  surrounded  by  insulated 
wire  d d,  the  ends  of  which  are  joined  to  the 
carbon  B.  Inside  the  inner  tube  there  is  an 
iron  rod  E having  a few  turns  of  thick  wire 
round  it.  The  ends  of  this  wire  lead  to  the 
clamps  P Pj.  When  alternating  currents  are 


Fig.  486.— 
Bohm’s  Lamp. 


Fig.  487.  —Diehl’s  Lamp. 


used  for  this  lamp,  as  they  flow  through  the 
turns  of  the  thick  wire,  they  cause  in  the  thin 
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wires  d d induced  currents,  which  brings  the  carbon  to  a glow.  When  continuous 
currents  are  to  be  used,  a self-acting  commutator  has  to  be  inserted.  This  lamp 
is  much  more  expensive  than  other  glow  lamps  under  equal  conditions,  as  the 
current  of  the  generator  has  to  be  converted  into  induced  currents,  and  this 
conversion  always  involves  loss  of  energy. 

Edison  and  Swan  Glow  Lamps. — For  some  time  the  manufacture  of  high 
resistance  glow-lamps  in  the  United  Kingdom  has  been  a monopoly  in  the  hands  of 


Fig.  488. — Edison  and  Swan  16  Candle-Power  Lamp. 


the  Edison  and  Swan  United  Electric  Light  Company.  This  Company  is  the  result 
of  an  amalgamation  of  previous  companies  interested  in  the  manufacture  of 
Edison’s  lamps  and  Swan’s  lamps  respectively.  These  companies  were  at  one 
time  engaged  in  litigation  with  respect  to  conflicting  patents  connected  with  the 
manufacture  of  glow  lamps.  The  decision  would  have  involved  very  heavy  law- 
suits, and  it  was  impossible  to  foresee 'which  side  would  win.  Therefore,  instead 
of  spending  money  on  litigation  the  companies  amalgamated,  and  then  found 
themselves  able  to  beat  all  other  competitors  in  the  law-courts,  and  to  secure  the 
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monopoly  referred  to.  The  following  brief  description  refers  to  some  of  the 
lamps  produced  by  the  company. 

The  ordinary  8 or  i6  candle-power  lamp  is  illustrated  in  Fig.  488.  The  long 
fine  carbon  filament  is  curled  in  the  manner  adopted  by  Swan  {see  Fig.  479),  and 
thus  both  the  enclosing  globe  can  be  made  shorter  than  if  the  Edison  loop  (Fig. 
471)  were  used,  and  also  the  light  of  the  lamp  is  more  concentrated.  The  end 
of  the  filament  is  attached  to  two  platinum  wires  which  pass  through  the  glass 
and  are  bent  over  into  small  eyes  at  the  bottom  of  the  lamp.  These  eyes  are  to 
be  attached  to  suitably  placed  hooks  in  the  lamp  holder,  to  which  hooks  the 
wires  connected  to  the  dynamo  or  battery  are  attached.  One  of  the  simplest 
forms  of  these  holders  is  shown  in  Fig.  489. 

The  two  external  conductors  by  which  the  current  is  passed  into  and  out  of 
the  lamp  are  known  as  its  “terminals.”  The  form  given  to  them  in  Fig.  488  is 
called  the  “bottom  loop”  form,  but  it  is  by  no  means  the  only  kind  in  ordinary 


Fig.  490.  Fig.  491.  Fig.  492. 

Forms  of  Lamp  Terminals. 


use.  It  has  the  advantage  of  being  simple,  but  on  the  other  hand  it  is  some- 
what fragile,  and  if  one  of  the  loops  happens  to  be  broken  off  the  lamp  is 
practically  useless.  A reference  to  Fig.  479  will  show  that  the  form  was  used  by 
Swan  in  his  early  lamps. 

Other  kinds  of  terminals  are  shown  in  Figs.  490  to  493.  Fig.  490  is 
known  as  the  bottom  loop  cap  ” terminal ; an  earthenware  cap  is  cemented 
on  to  the  bottom  of  the  lamp  with  plaster  of  Paris  and  carries  two  strong 
loops  to  which  the  terminals  underneath  the  cap  are  firmly  attached.  The 
ordinary  frail  plantinum  loops  are  thus  efficiently  protected,  especially  when 
they  have  to  be  used  in  places,  such  as  on  board  steamers,  where  there  is 
constant  vibration.  Fig.  49  r is  a similar  kind  of  terminal  with  the  loops  at 
the  side  instead  of  at  the  end,  the  different  position  of  the  loops  being  found 
to  be  useful  in  certain  cases.  Fig.  492  represents  the  “ Edison  socket,” 
the  present  form  of  the  terminal  used  in  the  early  Edison  lamp  (Fig.  471). 
One  of  the  leading-in  wires  is  attached  to  the  flat  brass  plate  at  the  end 
of  the  socket,  and  the  other  one  to  the  coarse  brass  screw  surrounding  the  neck. 
This  screw  works  into  a corresponding  screw  attached  to  one  of  the  supply  wires 
in  a suitable  holder,  and  when  screwed  home  the  brass  plate  at  the  end  comes 
into  contact  with  another  plate  in  the  holder  which  is  attached  to  the  other 
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supply  wire.  This  form  of  terminal  makes  a good  contact,  but  should  not  be 
used  where  there  is  much  vibration.  In  screwing  the  lamp  home  into  the 


Fig.  493. — Brass  Collar  Terminal. 

holder  there  is  also  a danger  that  it  may  be  wrenched  off  at  the  neck  if  too  great 
a twisting  force  is  used.  Fig.  493  represents,  perhaps,  the  best  form  of  terminal  yet 

devised  for  general  use.  The  neck  of 
the  lamp  is  surrounded  by  a brass 
collar  fixed  on  and  filled  up  with  plaster 
of  Paris.  An  end  view  of  this  collar  is 
shown  at  the  side.  The  ends  of  the 
platinum  wires  which  pass  through  the 
glass  are  connected  to  the  two  brass 
plates  a and  b,  insulated  from  one 
another  and  from  the  collar  by  the 
plaster.  The  brass  collar  carries  two 
little  studs  and  fits  into  a bayonet- 
joint  in  the  holder.  When  slipped 
into  the  holder  the  plates  a and  b 
come  into  contact  with  two  brass 
studs  pressed  forward  by  springs,  each 
stud  being  connected  to  one  of  the 
supply  wires.  This  form  of  terminal  is 
known  as  the  “ brass  collar  ” terminal. 

The  candle-powers  of  the  lamps 
manufactured  by  the  company  range 
from  one  to  one  thousand  candles.  For 
lamps  of  high  candle-power  many  fila- 
ments are  used,  the  separate  filaments 
being  placed  in  parallel  circuit  with 
one  another  so  that  the  total  current 
supplied  to  the  lamp  is  divided  amongst 
them.  Such  a lamp  intended  to  give 
F'g-  494-  S°o  Candle-Power  Glow  Lamp.  a light  of  500  candle-power  is  shown, 

on  a reduced  scale,  in  Fig.  494.  A 
bundle  of  five  separate  platinum  wires  passes  through  the  glass  for  each  ter- 
minal of  the  lamp.  Inside,  each  bundle  of  leading-in  wires  is  attached  to  one 
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of  two  concentric  copper  rings,  which  carry  the  attachments  for  five  simple 
long  horse-shoe  filaments.  The  current  being  brought  to  one  of  the  copper 
rings  by  the  corresponding  leading-in  wirb,  passes  through  the  five  paths 
offered  by  the  filaments  to  the  other  ring,  and  thence  out  by  the  other 
bundle  of  plantinum  wires.  The  lamp  is  surrounded  by  a network  of  fine  wire 
which  diminishes  the  risk  of  accidents  from  falling  glass,  should  the  lamp  happen 


Fig.  495. — Focus  Lamp,  with  Holder,  for  Lantern  Work. 


to  be  broken  whilst  in  use.  The  actual  size  of  the  lamp  is  about  12  inches 
long  by  about  7 inches  broad  at  the  widest  part  of  the  bulb.  With  a potential 
difference  of  100  volts  it  takes  i8'8  amperes  of  current,  thus  absorbing  1,880 
watts,  or  about  2-5  horse-power. 

Numerous  other  lamps  designed  for  special  purposes  are  also  made ; but 
space  will  not  allow  us  to  enter  into  these  details.  Perhaps  the  class  which  will 
be  of  most  general  interest  to  our  readers  is  that  df  the  **  Focus  lamps,  intended 
■for  use  in  optical  and  magic  lanterns.  To  concentrate  the  light  the  filament  is 
coiled  up  in  a close  spiral  as  seen  in  Fig.  495.  In  this  way  a large  part  of  the 
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incandescent  filament  can  be  placed  at  the  optical  centre  of  the  systenl  of  lenses 
used  in  the  lantern,  and  much  more  of  the  light  is  rendered  available  than 
would  be  possible  with  an  ordinary  filament  such  as  is  represented  in  Fig.  488. 
The  lamps  made  of  this  pattern  range  from  8 to  200  candle-power,  but  in  the 
higher  candle-powers  the  filament  is  much  more  extended,  and  the  advantage  of 
the  concentration  is  lost  for  the  special  work  for  which  the  lamp  is  intended. 
Tlius,  a 100  candle-power  lamp,  with  its  more  extended  filament,  does  not  give  a 
brighter  illumination  upon  a lantern  screen  than  one'of  the  50  candle-power  lamps, 
whilst  for  some  classes  of  optical  work  the  former  is  quite  inadmissible.  The 
coiled  spiral  is  held  at  the  centre  of  the  globe  by  stout  supports,  and  the  neck  of 
the  lamp  is  surrounded  by  a brass  collar  terminating  in  a narrow  tube  through 
which  flexible  connecting  wires  pass.  This  narrow  tube  fits  into  the  special  holder 
shown  at  the  side,  in  which  it  is  clamped,  and  which  enables  the  height  of  the 
lamp  to  be  readily  adjusted. 

It  should,  perhaps,  be  mentioned  that  most  of  the  lamps  are  made  to  run  at 
various  voltages  to  suit  the  different  conditions  met  with  in  practice,  the  low 
voltage  lamps  requiring  a current  correspondingly  higher  than  the  high  voltage 
lamps ; within  certain  limits,  however,  the  product  of  volts  by  current  is 
approximately  the  same  for  a given  candle-power. 

Method  of  Fitting  the  Bulbs. — The  process  of  fitting  the  bulb  is 
shown  in  Fig.  496.  The  platinum  wires  to  which  the  carbon  loop  is  attached  are 


Fig.  496.— Stages  in  the  Making  of  Incandescent  Lamps. 


fused  into  the  glass  stopper,  as  shown  in  i.  A glass  tube  9 inches  in  length 
and  0 8 inch  in  diameter  (see  4)  is  drawn  out  and  blown  into  bulbs,  as  at  5 
The  stopper  (i)  is  then  placed  m one  of  these  bulbs  (2),  and  the  stopper 
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Fig.  497. — The  Glass-blowing  Machine. 

The  glass-blowing  machine  is  shown  in  Fig.  497.  It  consists  of  a horizontal 
bed-plate  a.  The  head  stock  d is  fixed,  e is  movable.  Through  these  are 
carried  hollow  shafts  b c,  which  are  driven  by  a third  shaft  w.  r is  a reser- 
voir of  compressed  air,  from  which  the  blast  is  forced  into  the  hollow 
shafts,  and  from  thence  air  enters  the  glass  tube,  which  is  held  in  a 
blow-pipe  flame,  and  is  turned  continually.  From  250  to  300  globes  may  be 


and  bulb  are  fused  together  (3).  The  lamp  then  has  the  form  represented 
in  Fig.  496  (6).  After  the  bulb  is  exhausted  the  long  tube  at  the  apex  is  fused 
off,  and  the  lamp  then  appears  as  at  7. 
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turned  out  by  a single  boy  per  day.  When  the  lamp  has  arrived  at  the  stap 
represented  in  Fig.  496  (6),  it  is  removed  to  another  floor  to  be  exhausted  by  the 

mercury  air-pumps. 

We  cannot  produce  the  necessary  vacuum  by  means  of  an  ordinary  air-pump, 
for  even  the  best  constructed  of  these  will  not  produce  a greater  exhaustion  than 
will  exert  a pressure  of  about  o-o8  inch  of  mercury.  The  vacuum  for  t e 
glow  lamp  is  produced  by  means  of  a kind  of  mercury  pump  in  one  of  two  ways. 

The  apparatus  constructed  by  Geissler, 
and  as  modified  by  Topler  for  com- 
mercial use  in  the  factory,  applies  the 
principle  of  the  barometer.  Imagine 
the  Torricellian  vacuum  to  be  obtained 
not  by  filling  the  tube  and  inverting  it, 
as  shown  in  Fig.  498,  but  by  closing  the 
top  of  a tube  by  a valve  that  will  let  air 
out,  but  not  in,  and  connecting  the  bot- 
tom of  the  tube  with  the  cistern  of  mercury 
by  an  elastic  tube.  Then  on  lifting  the 
cistern  to  the  level  of  the  top  of  the  tube 
the  mercury  would  flow  into  the  tube  and 
drive  out  the  air,  and  then  on  lowering 
the  cistern  to  a distance  of  more  than  760 
millimetres,  or  30  inches,  the  mercury 
would  flow  back  to  the  cistern,  and  would 
leave  a vacuum  at  the  top  of  the  tube. 

Fig.  499  represents  two  sets  of  such  appara- 
tus ; in  the  one  on  the  right  the  movable 
cistern  is  in  its  lowest  position ; in  the 
other,  on  the  left,  in  its  highest  position. 

A is  the  vessel  w'hich  is  to  be  the  movable 
cistern  of  mercury  ; B and  vessels  corre- 
sponding with  the  top  of  the  barometer 
tube,  where  the  vacuum  is  to  be  produced.  The  two  vessels  a and  B are  connected 
with  each  other  by  means  of  a wide  india-rubber  tube  R and  a small  tube  r.  At  z 
in  the  vessel  b a third  tube  ^ branches  off,  which  is  bent,  as  shown  in  the  figure, 
and  connects  b with  the  vessel^.  The  vessels  a can  be  moved  up  and  down  between 
the  two  vertical  beams  of  the  frame.  In  the  lowest  position,  as  in  pump  i,  the 
surface  of  the  mercury  contained  by  them  must  be  distant  more  than  760  mil- 
limetres, or  30  inches,  from  z.  The  height  of  tube  s s must  also  not  be  less  than 
760  millimetres.  The  vessel  g contains  sulphuric  acid,  which  withdraws  all 
moisture  contained  in  the  air.  Connected  with  this  vessel^ are  the  several  lamps 
from  which  air  is  to  be  expelled.  They  are  placed  on  a horizontal  tube  with 
vertical  mouth-pieces,  and  the  pump  works  as  follows.  By  lifting  a the  mercury 
contained  in  it  will  flow  towards  b and  fill ' it,  and  when  a has  reached  the 


Fig.  498. — Torricelli’s  Vacuum. 
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position  shown  in  pump  ii,  the  mercury  of  b will  flow  through  the  tube  r back 
again  towards  a,  driving  the  air  before  it.  The  air  is  in  this  way  driven  out  from 


Fig.  499. — Mercury  Air-Pumps. 


the  vessel  b through  the  tube  r,  which  terminates  in  a.  Although  the  air 
from  B may  be  forced  through  r,  no  air  can  be  forced  back  to  b,  as  the 
tube  r terminates  in  a containing  mercury,  hence  r acts  like  the  valve  above 
referred  to.  By  lifting  and  lowering  a,  a quantity  of  air  is  removed,  of  normal 
pressure,  equal  to  the  volume  of  r 4-  b.  The  pressure  now  on  the  outside 
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will  not  let  all  the  mercury  return  to  a,  but  will  keep  the  column  of  the 
mercury  in  the  tubes  r and  r at  a certain  height.  Continued  lifting  and  lowering 
uf  A will  drive  more  air  through  r,  until  all  air  is  driven  out  of  b.  As  soon  as 
the  mercury  has  risen  beyond  z,  two  ways  are  left  open  to  it,  viz,  b and  ^ ; it 
enters  both,  and  rises  in  s until  the'  column  of  mercury  balances  the  pressure  ot 
the  air  in  the  lamps.  When  the  pressure  of  air  in  the  lamps  is  reduced  to 
nothing,  on  lowering  A again  the  column  will  fall  to  the  same  height  as  in 
the  barometer  column.  This  is  why,  as  we  have  stated,  the  tube  j has  to  be 
higher  than  the  barometer  column  of  mercury.  Care  has  to  be  taken  that  the 
lifting  and  lowering  of  the  vessel  a shall  be  done  at  the  right  time,  and  that  it 
snail  move  with  the  required  velocity.  Twelve  lamps  are  exhausted  by  one 
pump  at  a time,  all  being  connected  by  means  of  tubes  with  the  pump,  and 
each  lamp  being  suspended  from  spirals.  During  exhaustion  an  electric  current 
is  passed  through  the  carbon  of  the  lamp.  As  soon  as  a vacuum  is  obtained 
the  lamps  are  sealed  by  means  of  a blow-pipe  flame.  The  completed  lamp  is 
shown  in  Fig.  496  •(7). 

The  Mode  of  Fitting  Edison’s  Lamps. — Th.  du  Moncel  has  given 
a minute  description  of  the  large  establishment  at  Troy,  near  Paris,,  for  the 
manufacture  of  Edison  glow  lamps.  As  we  have  mentioned  already,  the  carbon 
filament  of  the  Edison  lamp  is  obtained  from  bamboo  fibres,  from  bamboo 
canes  of  three  years’  growth.  At  Troy  the  bamboo  is  cut  in  strips  of 
two  sizes,  corresponding  to  the  two  different  sizes  of  the  lamps.  The  a 
lamp,  of  sixteen  standard  candles,  has  a carbon  the  resistance  of  which  is 
140  ohms,  and  the  b lamp,  of  eight  standard  candles,  has  a carbon  the 
resistance  of  which  is  from  60  to  70  ohms.  The  glass  vessels  and  glass  tubing 
are  obtained  from  the  Bohemian  glass  works,  and  are  not  manufactured  at 
the  factory.  The  fastening  of  the  carbons  to  the  flattened  copper  wires,  which 
are  connected  with  the  platinum  wires  fused  in  the  glass,  is  done  by  women. 
To  make  good  contact  at  the  junctions,  copper  is  deposited  round  them  by 
the  electric  current.  The  carbon  with  its  glass  tube  is  then  placed  in  the 
glass  vessel,  and  the  glass  is  fused.  Care  is  taken  that  the  heated  glass  is 
allowed  to  cool  gradually,  to  prevent  breakage.  For  this  purpose  the  lamps 
have  to  pass  burners  of  graduated  intensity,  and  when  they  arrive  at  the  last  one 
the  lamps  are  fit  to  be  removed  to  the  exhaustion  rooms.  Exhaustion  at  Troy 
is  done  by  means  of  Sprengel’s  mercurial  air-pumps.  The  pumps  are  arranged 
along  the  wooden,  wainscoting  of  the  walls  of  a large  room,  p (Fig.  500) 
represents  one  of  them.  Above  and  below  p run  iron  tubes  d d and  d' d', 
which  allow  the  mercury  to  pass  and  re-pass.  Each  of  these  tubes  terminates 
in  a mercury  reservoir.  The  upper  reservoir  is  connected  with  the  lower  by 
means  of  a slanting  tube  and  an  Archimedean  screw,  which  is  set  in  motion 
by  a motor.  By  means  of  this  screw  the  mercury  from  the  lower  reservoir 
is  made  to  reach  the  upper  reservoir.  From  the  upper  reservoir  the  mercury 
flows  through  the  horizontal  iron  tube  d d into  the  vertical  india-rubber  tubes 
D to  the  several  pumps.  The  mercury  falls  down  the  tube  a b,  and  flows  through 
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the  inclined  tube  at  c into  the  vertical  tube  t.  Here  the  mercury  encounters  an 

air  column,  which  is  carried  in  the  form 
of  air  bubbles  along  with  the  mercury' 
through  the  tube  T b'  (8o  centimetres  or 
30  inches  long).  The  space  within  the 
tube  which  lies  above  the  mouth  of  the 
slanting  tube  is  gradually  deprived  of  air. 
Tube  T continues  along  s and  terminates 
in  the  reservoir  r containing  sulphuric 
acid.  The  lamp  l to  be  exhausted  is 
fastened  to  the  mouth-piece  o of  this 
reservoir. 

The  carbon  of  the  lamp  and  a rheostat 
F are  inserted  into  the  circuit  of  an  elec- 
tric current.  At  the  commencement  of 
exhaustion  all  the  resistances  f are  in- 
serted, and  therefore  only  a weak  cur- 
rent will  go  through  the  carbon.  The 
resistances  are  gradually  taken  out,  and 
the  current  allowed  to  pass  in  its  full 
strength.  If  now  the  lamp  glows  with 
the  required  intensity,  further  flow  of 
mercury  is  prevented  by  means  of  the 
cock  D.  The  lamp  has  now  to  be 
finished  in  the  way  we  have  already  de- 
scribed (page  507). 

Comparison  of  Glow  Lamps. — 
To  compare  glow  lamps  with  each  other 
we  must  know  the  energy  required,  that 
is  to  say,  the  product  found  by  multi- 
plying the  difference  of  potential  in  volts  by  the  strength  of  current  in  amperes. 
This,  however,  does  not  mean  that  as  long  as  the  product  is  the  same  the 
difference  of  potential  or  the  strength  of  current  may  vary.  There  are  lamps 
which  are  designed  to  use  currents  of  high  potential  and  moderate  strength,  and 
lamps  designed  to  use  currents  of  low  potential  and  considerable  strength.  If 
with  both  kinds  of  lamp  the  same  intensity  of  light  is  to  be  obtained,  the  lamps 
which  are  to  be  worked  with  currents  of  high  potential  and  moderate  strength 
must  have  their  carbons  comparatively  long,  but  of  small  cross  section.  Those 
lamps,  however,  which  are  to  be  fed  by  currents  of  small  potential  and  great 
strength  must  have  short  carbons  of  large  cross  section.  The  extent  to 
which  we  can  increase  the  potential  depends  upon  the  durability  of  the  carbons. 
The  higher  the  potential,  the  longer  must  the  carbon  and  smaller  the  cross 
section  become.  The  glow  lamps  by  Siemens  and  Halske  of  ten  standard 
candles,  supposed  to  work  with  currents  of  105  volts,  have  carbons  the  length  of 


Fig.  500. — The  Sprengel  Mercurial 
Air-Pump. 
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which  is  4‘3  inches  and  the  cross-section  of  which  is  0*00025  square  inch. 
It  is  evident  that  further  diminution  of  the  carbon  would  increase  its 
frailty. 

Again,  the  limit  of  current  depends  not  only  upon  the  carbon,  but  also  upon 
the  system  of  distribution.  Lamps  to  be  worked  with  large  currents  of  low 
potential  must  be  supplied,  as  we  have  said,  with  short  and  thick  carbons,  in 
order  to  reduce  the  resistance  j and  when  we  bring  this  large  mass  of  carbon 
to  a glow,  we  not  only  lose  a portion  of  the  energy,  but  we  also  wear  out 
the  lamp  sooner.  Again,  the  cross  section  of  the  conducting  wire  must  be  such 
as  to  prevent  the  danger  of  fire,  and  increase  of  material  means  increase  of  cost. 
A mean,  therefore,  has  to  be  sought,  and  a loss  of  energy  of  about  5 per  cent,  is 
sometimes  allowed  in  practice. 

Let  us  now  compare  two  distributing  systems,  with  high  and  low  potentials, 
assuming  that  in  both  the  same  percentage  of  energy  is  lost.  The  energy  is 
given  by  the  product  of  the  current  by  the  potential,  or  the  product  of  the 
square  of  the  current  by  the  resistance.  If  the  product  of  the  square  of  current 
by  the  resistance  is  to  remain  the  same  for  both  systems,  by  using  lamps  that 
require  currents  of  different  strength  the  resistance  in  the  system  will  have  to 
alter  with  the  square  of  the  current.  If  we  increase  the  current  two-,  three-, 
four-fold,  the  resistance  will  have  to  be  diminished  four,  nine,  sixteen  times. 
This  may  be  obtained  in  the  system  by  taking  the  cross-section  of  all  conductors 
four,  nine,  sixteen  times  larger.  We  may,  therefore,  say  that  the  cross-section, 
and  also  the  weight  of  the  conductors,  must  increase  with  the  square  of  the 
current  required  to  work  the  lamp,  assuming  the  length  of  the  conductor  to 


be  the  same  in  all  cases.  Thus  a lamp  taking  double  the  current  that  another 
takes,  requires  four  times  the  weight  of  conducting  material  required  by  an 
equally  large  system  with  the  first  lamps.  It  would,  therefore,  not  be  advan- 
tageous to  employ  lamps  that  require  currents  of  great  strength,  except  when 
the  system  is  very  short,  as,  for  instance,  when  the  lights  are  fed  from  a 
neighbouring  central  station.  The  disadvantage  of  using  lamps  requiring 
currents  of  great  strength  but  low  potential  may  be  comoensated  hv  nd’rur 


^auuius,  wniist  with  the  same  expenditure  of 


^ give  an  equivalent  of  ten 
power  at  white  heat,  300' 


normal  candles  are  obtained. 
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Luminous  bodies  emit  both  light-rays  and  invisible  heat-rays,  but  for  our 
purpose  the  former  only  are  of  use.  Hence,  the  conversion  of  electricity  into 
the  latter  is  a loss  to  us  ; it  is,  therefore,  of  importance  to  know  the  percentage 
of  light  and  heat  rays  which  a luminous  body  emits.  A solution  of  iodine  in 
carbon  disulphide  has  the  property  of  absorbing  light-rays  and  allowing  heat-rays 
to  pass.  Experiments  made  by  Tyndall  with  different  sources  of  light  gave  the 
following  results  as  the  percentage  of  the  whole  rays  stopped  as  light-rays  by  the 
iodine  solution : flame  of  an  oil  lamp,  3 per  cent. ; gas  flame,  4 per  cent. ; 
platinum  spiral  white  heat,  4-6  per  cent.  ; voltaic  arc,  10  to  ii  per  cent  These 
figures  show,  then,  that  even  with  the  most  powerful  source  of  artificial  light  90 
per  cent  are  invisible  heat-rays.  Glow  lamps  come  between  the  platinum  spiral 
and  voltaic  arc. 

The  light-giving  power  is  not  only  affected  by  the  temperature,  but  also  by 
the  radiating  power  of  the  luminous  body.  That  different  bodies  at  the  same 
temperature  radiate  differently  may  be  shown  by  a very  simple  examination. 
Place  a piece  of  glass  and  a piece  of  iron  in  the  same  furnace  fire  ; when  taken 
out  the  former  will  hardly  glow,  whilst  the  iron  will  probably  be  white-hot. 
The  temperature  of  the  carbon  for  glow  lamps  ought,  therefore,  to  be  as  high 
as  possible  up  to  a certain  limit,  which  is  short  of  that  beyond  which  the  lamp 
itself  would  be  endangered,  for  hardly  any  practical  result  is  obtained  by  increase 
of  temperature  beyond  a certain  limit. 

At  present  the  glow  lamp  is  capable  of  competing  favourably  with  sources  of 
light  such  as  gas,  etc.,  but  would  never  be  able  to  compete  in  efficiency,  if  even 
further  perfected,  with  the  voltaic  arc  light.  According  to  the  experiments  made 
by  Tresca,  the  effects  produced  by  glow  light,  light  of  electric  candles,  and  arc 

light,  respectively,  are  in  the  ratio  of  i : 3 : 7- 

Finally,  we  have  still  to  consider  the  influence  which  the  form  of  the  cross 
section  exercises.  If  two  carbons  have  the  same  cross  section  and  the  same 
length,  but  the  cross  section  of  the  one  is  a rectangle,  and  that  of  the  other  a 
circle,  then  evidently  the  surface  of  the  former  is  greater  than  that  of  the  latter. 
On  the  supposition  of  there  being  equal  temperatures  in  the  two  cases,  the 
amount  of  light  given  out  by  the  former  carbon  would  be  greater  than  that  of 
the  latter,  since  the  amount  of  light  given  out  is,  under  these  circumstances, 
proportional  to  the  surface.  If,  now,  we  wish  to  make  the  production  of  fight 
the  same  for  both  carbons,  the  round  carbon  must  be  prolonged.  Then  both 
carbons  will  have  the  same  cross  section,  and,  therefore,  also  the  same  capacity, 
and  equal  powers  of  lighting.  In  the  ' case  of  the  round  carbon,  however, 
the  resistance  has  increased  on  account  of  the  increase  in  the  length,  and  this 
leads  to  an  increase  in  the  power  consumed.  If,  therefore,  we  had  only  to  con- 
sider the  amount  of  light  given  by  the  expenditure  of  a certain  amount  of  power, 
we  should  choose  the  carbon  with  the  rectangular  cross  section.  ^ . 

■^n  order  that  a glow  lamp  may  as  nearly  as  possible  attain  perfection,  it 
should  be  so  constructed  (i)  that  the  carbon  may  remain  at  as  high  a temperature 
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as  possible,  and  that  its  surface  may  have  such  a form  that  the  intensity  of  the 
rays  proceeding  from  it  may  be  distributed  with  the  greatest  possible  advantage ; 
{2)  that  the  methods  of  producing  the  vacuum  may  be  as  simple  and  perfect  as 
possible  ; (3)  that  the  expenses  of  the  distribution  may  be  a minimum. 

In  the  following  schedule  the  results  of  measurements  with  respect  to  glow 
lamps,  received  at  the  Exhibitions  at  Paris  (1881),  and  Munich  (1882),  have 
been  tabulated : — 


Lamp. 

Nominal 

Candles. 

Edison, 

A ... 

16 

}f 

C ... 

32 

Swan, 

A ... 

16 

9) 

B ... 

32 

Lane-Kox,  A ... 

16 

9 J 

B ... 

32 

Maxim, 

A ... 

16 

If 

B ... 

32 

Edison, 

B ... 

8 

A ... 

16 

Maxim 

28 

Swan, 

A ... 

10 

99 

B ... 

40 

Siemens 

16 

Muller, 

A ... 

20 

99 

B ... 

50 

99 

C ... 

100 

Cruto 

... 

10 

Light 

Intensity, 

Standard 

Candles. 

Resistance 

(Warm) 

Ohms. 

Difference 

of 

Potential 
in  Volts. 

Current  in 
Amperes. 

Electric  Energy  in 

Light 
Intensity 
per 
H.  P. 

No. 

Lamps 

h?.p. 

Volt- 

Amperes. 

H.  P. 

Results.  Given 

BY  THE  Exhibition  Commission  at  Paris. 

15-38 

137-4 

89-11 

0-6510 

57-98 

0-0788 

196-4 

12-28 

31-11 

130-03 

98-39 

0-7585 

74  62 

0-0941 

307-25 

9-60 

i6'6i 

32-78 

47-30 

I -47 1 

69-24 

0-0945 

177-92 

1 1 12 

33-21 

31-75 

54-21 

1-758 

94-88 

0-1059 

262-40 

8-20 

16-36 

27-40 

43-63 

1-593 

69-53 

0-0125 

173-58 

10-85 

32-71 

26-59 

48-22 

1-815 

87-65 

0-1289 

276-89 

8-65 

15-96 

4I-II 

56-49 

1-380 

70-85 

O-I191 

151-27 

9-45 

31-93 

39-60 

62-27 

1-578 

98-41 

0-1337 

239-41 

7-48 

Results 

Given  by  the  Munich  Committee. 

11-69 

67-68 

55-78 

0-825 

46-02 

0-0625 

186-90 

23-36 

15-32 

139-60 

103-05 

0-755 

77-80 

0-1057 

144-88 

9-05 

13-34 

47-01 

• 65-07 

1-384 

90-06 

0-1224 

108-98 

3-89 

10-95 

31-91 

38-38 

1-222 

46-90 

0-0637 

171-78 

17-18 

37-17 

87-03 

118-02 

1-282 

151-30 

0-2056 

180-75 

4-58 

14-90 

104-72 

95-74 

0-915 

87-60 

O-II91 

125-14 

7-82 

18-43 

58-62 

74-94 

1-263 

93-51 

O-1271 

145-01 

7-26 

43-08 

59-52 

105  -22 

1-779 

187-19 

0-2544 

169-33 

3-39 

102-35 

65-41 

155-15 

2-367 

367-24 

0-4991 

205-05 

2-05 

8 47 

8-16 

22-15 

2-715 

60-14 

0-0817 

103-58 

10-36 

HALF-INCANDESCENT  LAMPS. 

General  Description.— In  these  lamps  the  light  arises  at  the  point  of 
contact  of  the  electrodes.  They  are,  therefore,  also  called  contact  glow  lamps, 
or  glow  lamps  with  partial  contact.  Werdermann  has  established,  by  means  of 
numerous  experiments,  that  if  the  cross  section  of  the  -f  carbon  be  diminished, 
and  that  of  the  - carbon  at  the  same  time  be  increased,  the  glow  of  the  latter 
will  continually  become  weaker,  while  that  of  the  former  will  become  stronger. 
Un  account  of  the  inequality  of  the  cross  sections,  the  resistance  of  the  current 
^ 0 ^int  of  contact  is  increased,  and,  therefore,  an  increase  of  heat 
of  ft,  ^ ^ ^ the  cross  section  of  the  + carbon  be  to  that 

4.  Zl  Ti  K ^4,  the  latter  will  not  be  heated  at  all,  while  the 

+ carbon  will  burn  with  the  production  of  a fine,  steady  light. 

to  Fontaine  lamps  are  comparatively  recent.  Varley,  according 

> the  first  to  make  such  a lamp.  He  described  it  in  the 
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patent  of  an  electrical  machine  which  he  took  out  in  1876.  The  lamps  on  this 
type,  however,  which  were  invented  by  Reynier,  Markus,  and  Werdermann,  in 
1878,  were  the  first  in  which  the  action  was  regular. 

The  following  is  the  principle  of  the  glow  lamp  of  Reynier : Suppose  a thin 
strip  of  carbon  which  is  pressed  at  the  side  by  an  elastic  contact,  and  which  is 
pressed  in  the  direction  of  its  axis  against  a fixed  contact. 
If  a sufficiently  strong  current  flows  through  this  piece  of 
carbon,  the  point  of  the  carbon  against  the  fixed  contact 
glows  to  whiteness,  and  burns  up,  while  the  end  remains 
pointed.  By  means  of  the  constant  pressure  upon  it,  the 
strip  of  carbon  advances  as  the  end  consumes.  It  slides 
through  the  elastic  contact,  and,  at  the  same  time,  con- 
stantly rests  on  the  fixed  contact.  The  heat,  generated  in 
consequence  of  the  passage  of  the  current  through  the  strip 
of  carbon,  is  increased  considerably  by  the  simultaneous 
consumption  of  the  carbon,  and  the  lighting  power  is 
consequently  assisted  by  this  consumption. 

The  essential  features  of  Reynier’s  plan,  therefore,  con- 
sist in  taking  a very  long  pencil  of  carbon  for  one  pole,  and 
a block  of  carbon  for  the  other,  and  providing  the  pencil 
with  a contact  at  the  side.  The  pencil  forms  the  + pole, 
and  the  block  the  — pole.  The  defects  of  this  lamp,  in  its 
original  form,  were  that  the  metallic  impurities  of  the  carbon 
pencil  settled  as  ash  on  the  carbon  block  and  spoilt  the 
light.  To  avoid  this,  Reynier  substituted  a revolving  disc 
of  carbon  for  the  block,  and  let  the  pencil  of  carbon  touch 
the  disc  near  the  axis  on  which  it  turned.  The  pressure  of 
the  carbon  pencil  on  the  disc  caused  the  latter  to  move, 
and  new  portions  to  come  in  succession  into  contact  with 
the  point.  The  lamp  is  shown  in  Fig.  501,  the  brass  rod 
s sustaining  the  + carbon  k slides  in  telescope  fashion  in 
the  tube  M.  The  - carbon  is  the  disc  Ki,  which  is  attached 
to  a lever  G,  having  a spur  that  presses  against  the  tube  s, 
and  acts  as  a brake  to  retard  the  motion  of  s.  The  pencil 
K is  directed  by  a copper  pulley  r on  an  inclined  arm,  and 
the  conduction  of  the  current  follows  from  a small  carbon 
block  on  the  same  arm,  and  kept  by  its  own' weight  in  contact  with  the  electrode^ 
The  current  enters  at  the  clamp  p^,  passes  through  the  mass  of  the  lamp  o 
the  + pencil,  then  to  the  - disc,  then  into  the  insulated  bearers  of  the  Ian  p 

“’'The” pencils  have  a diameter  of  0 08  inch,  and  a length  of  irS  inches,  and 
last  two  hours.  The  intensity  of  the  light  varies  as  the  number  of  lamps  m the 
circuit  Thus  the  intensity  with  six  lamps  and  a Gramme  machine  ma  ing 
oso  rtolutions  per  minute  was  rs4  standard  candles.  The  total  intensity  was. 


Fig.  SOI. — ■Reynier’s 
Lamp. 
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therefore,  744.  A Serrin  regulator,  under  similar  conditions,  gave  an  intensity 
of  3,000  standard  candles.  It  will  thus  be  seen  that  this  form  of  lamp,  in 
which  the  carbons  are  actually  in  contact,  is  not  nearly  so  economical  as  the 
form  in  which  the  carbons  are  separated  and  the  gap  bridged  by  an  electric 
arc.  The  difference  in  the  case  cited  is  very  marked. 

Reynier  afterwards  improved  his  lamp  in  several  details,  and  obtained  a 
steadier  light  Similar  lamps  were  invented  by  Werdermann,  Brougham, 
Duerstet,  and  Hanck,  which  will  be  found  described  in  the  earlier  editions  of 
this  book,  but  the  principle  employed  has  not,  up  to  the  present,  proved  to 
be  of  much  practical  use.  The  nearest  approach  to  a practically  useful 
lamp  of  this  kind  was  one  invented  by  Joel,  which  we  will  proceed  to 
describe. 

Joel’s  Lamp. — The  lamp  constructed  by  Joel  (Fig.  502)  consists  of  a 
copper  jacket  divided  into  portions  i and  ii,  insulated  from  each  other.  The 


hght  IS  produced  by  the  heating  to 
incandescence  of  the  end  of  a thin 
carbon  rod  or  pencil,  which  forms 
one  electrode,  and  which  is  con- 
tinuously fed  through  special  and 
simple  contact  jaws  j against  a fixed 
cylinder  of  iron  E forming  the  other 
electrode.  The  length  of  carbon 
between  the  jaws  and  the  iron  cylin- 
der is  about  I inch,  and  from  this 
the  light  emanates;  chiefly,  how- 
ever, at  that  part  near  the  fixed 
cylinder,  where  it  becomes  pointed 
by  the  action  of  the  current,  and 
consequently  more  intensely  heated. 
In  addition  to  the  light  produced 
by  the  incandescence  of  the  carbon, 
there  is  also  the  glow  or  flame  from 
the  sides  of  the  burning  carbon  to 
the  iron  electrode  similar  to  the 
flame  of  an  arc  light,  the  light 
thus  taking  an  intermediate  posi- 
tion between  that  of  the  purely  in- 
candescent lamps  and  arc  lamps. 
A peculiar  feature  in  the  light 
is  that  the  incandescent  point 
of  carbon  becomes  slightly  curled 
in  shape,  somewhat  like  a mush- 
room, where  it  wastes  away,  and  is 
replaced  by  the  gradual  forward 


Fig.  502. — ^Joel’s  Lamp, 
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motion  of  the  pencil.  The  fixed  electrode  remains  intact,  and  lasts  for  any 
required  time.  The  carbon  consumes  from  2^  to  3 inches  per  hour  for 
lights  of  loo-candle  power  and  upwards.  The  pencils  are  o‘2  inch  diameter, 
and  in  lengths  of  |,  and  i yard. 

The  improvements  in  the  lamp  consist  chiefly  in  the  simplification  of  the  me- 
chanism in  connection  with  the  contact  jaws,  by  which  means  the  lateral  pressure 
is  always  proportional  to  the  upward  pressure  ; also  in  the  details  for  making  the 
lamps  in  the  same  circuit  independent  of  each  other,  and  increasing  the  general 
adaptability  for  the  purposes  of  domestic  and  interior  lighting.  Referring  to  the 
sectional  view  of  the  lamp  (Fig.  502),  e is  the  fixed  iron  electrode  with  the  point 
of  the  carbon  pencil  pressing  upon  it.  The  contact  jaws  are  shown  at  j.  The 
weight  w,  which  actuates  the  lamp,  is  suspended  by  the  continuous  cords  which 
pass  up  and  over  the  rollers  R,  attached  to  a collar  c,  and  down  again  through 
a roller  r,  attached  to  the  under-side  of  the  carbon  pencil  holder.  The  collar  c 
and  rollers  R are  attached  to  a light  tube,  which  passes  up  through  a nipple  n, 
and  terminates  in  a flange  above  the  horizontal  arms  of  the  cranked  jaws  j,  thus 
producing  the  lateral  pressure  on  the  carbon.  The  collar  c is  of  iron,  and  forms 
an  armature  of  an  electro-magnet  s,  wound  with  fine  wire,  and  so  arranged  that 
if  an  arc  should  form  between  the  carbon  and  the  iron  electrode  e,  the  electro- 
magnet s would  come  into  action,  lift  the  weight,  and  free  the  jaws  j from  lateral 
pressure.  The  carbon  holder  is  also  arranged  so  that  when  the  carbon  pencil  is 
nearly  consumed  the  lamp  is  automatically  put  out. 

The  current  enters  part  i of  the  lamp,  flows  through  n n and  the  jaws  j j 
into  the  positive  carbon  e ; from  there  to  the  negative  pole  and  part  ii,  and  then 
back  again  to  the  source  of  electricity.  During  consumption  of  the  carbon  the 
resistance  is  increased  in  this  circuit,  and  a larger  and  larger  portion  will  go 
through  the  branch  circuit  of  electro-magnet  s,  which  finally  attracts  its  armature, 
and  lowers  the  tube  p ; with  it  pressure  against  the  upper  levers  j j ceases,  the 
lower  levers  open  and  allow  the  carbon  rod  to  slide  down  until  e again  is 
reached.  This  causes  a diminution  of  resistance  in  the  lamp  circuit,  and  con- 
sequently a diminution  of  current  in  the  electro-magnet,  which  lets  go  its 
armature,  and  causes  the  jaws  to  press  against  the  carbon  rod.  When  the 
carbon  rod  has  been  consumed,  the  carbon-holder  comes  partly  out  of  the  tube, 
causing  a short  circuit,  which  takes  the  lamp  out  of  circuit ; if  a new  carbon  rod 
is  to  be  put  in  without  disturbing  the  other  lamps  burning  in  the  same  circuit, 
the  lamp  itself  is  short-circuited  by  means  of  the  pin  G,  part  ir,  and  hook  t, 
part  I.  According  to  the  length  of  carbon  rod,  the  lamp  lasts  from  seven  to 
fourteen  hours.  Professor  Adams  obtained  a light  of  715  candles  per  horse- 
power with  a Joel  lamp. 

REGUI.ATED  ARC  LAMPS. 

Foucault  and  Duboscq’s  Lamp  (Fig.  503),  although  not  adapted 
for  ordinary  lighting,  is  often  employed  in  laboratories  and  lectures.  The 

box  B B contains  two  pieces  of  clockwork  worked  by  the  springs  and 
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L.  The  clockwork  l terminates  in  the  spur-wheel  o,  and  clockwork  l'  in 
the  spur-wheel  o'  i between  these  is  the  catch-pin  t /,  which  will  stop  or 
release  either.  Which  of  the  two  clocks  is  stopped  depends  on  whether  the 
force  of  attraction  of  the  solenoid  or  the  force 
of  springs  is  the  greater.  By  means  of  the 
catch  T t one  or  the  other  clockwork  is  stopped. 

One  clock  causes  the  carbon-holders  to  approach 
each  other,  the  other  causes  them  to  recede. 

The  wheels  are  so  geared  that  one  of  the  carbon- 
holders  is  made  to  move  twice  as  fast  as  the 
other.  The  current  enters  at  c,  flows  into  the 
solenoid,  through  d,  and  leaves  the  lamp  through 
the  upper  carbon-holder  h.  When  the  carbons 
are  at  the  right  distance  from  each  other  the 
forces  of  solenoid  and  spring  are  balanced,  and 
T t stands  midway  between  the  spur  wheels 
stopping  both  clocks.  If  the  distance  between 
the  carbons  becomes  too  great,  on  account  of 
the  greater  resistance  the  current  diminishes 
as  well  as  the  force  of  attraction  of  the  sole- 
noid. The  spring  will  draw  t t towards  the 
right,  liberating  the  clockwork  connected  with 
o,  and  causing  the  carbons  to  move  towards 
each  other.  As  soon  as  the  right  length  of  the 
arc  is  obtained,  the  solenoid  will  also  have  re- 
gained its  original  force  of  attraction,  and  will 
draw  the  armature  again  towards  itself,  causing 
T t again  to  stop  both  clocks.  When  the  arc  is 
too  small,  the  force  of  the  solenoid  increases, 
and  draws  t t towards  the  left,  liberating  the 
clockwork  connected  with  the  spur-wheel  o', 
which  causes  a separation  of  the  carbons  until 
the  normal  length  in  the  arc  is  obtained.  The 
complicated  mechanism,  and  necessity  for  re- 
winding the  clock,  prevent  this  lamp  being  largely 
used  for  practical  purposes.  Moreover,  only  503-— Duboscq’s  Lam^). 

one  Foucault  lamp  can  be  inserted  in  a circuit. 

Mersanne’s  Regulator. — In  Mersanne’s  lamp  (Figs.  504  and  505)  clock- 
work IS  used,  with  two  electro-magnets,  one  inserted  in  the  main  circuit,  the 
other  in  a shunt.  ^ The  current  passes  first  through  the  electro -magnet  c c,  then 
l rough  the  box  /,  the  carbons  c d , the  box  i' , and  then  to  g,  where  it  leaves  the 
amp.  The  electro-magnet  attracts  its  armature  q causing  the  box  / to  move 
to  t e eft.  The  carbons  then  move  away  from  each  other,  and  the  arc  is  pro- 
uce  . When  the  distance  between  the  carbons  becomes  too  great,  a greater 
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portion  of  the  current  goes  through  the  branch  circuit  in  which  the  electro- 
magnet B is  inserted.  The  latter  attracts  its  armature  «,  causing  u to  move  back, 
and  releasing  the  wheel  and  the  clockwork.  The  carbons  will  approach  until 
the  arc  has  again  its  normal  length,  when  the  current  in  the  branch  circuit  will 
become  weaker,  the  magnet  will  let  go  its  armature  w,  and- the  clockwork  will 
again  be  stopped.  The  lamp  by  Mersanne  burns  for  a considerable  time  without 
needing  renewal  of  carbons  or  any  other  attention.  The  clockwork  once  wound 
up  goes  for  thirty-six  hours.  The  regulation,  however,  is  not  sufficiently  exact  to 
make  the  lamp  available  for  lighting  buildings,  although  it  might  be  used  ad- 
vantageously for  lighting  streets.  Fig.  505  represents  the  same  lamp  with  a kind 


Fig.  504 — Mersanne’s  Regulator.  Fig.  505. — Mersanne’s  Reflector  Lamp. 


of  reflector.  Lamps  regulated  by  clockwork  have  been  constructed  by  others, 
but  in  the  simpler  forms  of  this  class  of  lamps  the  force  of  gravity  effects  the 
regulation,  checked  by  a solenoid  or  electro-magnet. 

Gaiffe’s  Regulator. — Gaiffe  obtained  this  result  by  a conical  solenoid, 
formed  by  increasing  the  number  of  the  turns  of  wire  at  every  section  from  one 
end  to  the  other  successively,  h represents  the  upper  carbon-holder  (Fig.  506), 
which  can  be  arranged  immediately  above  h'  by  means  of  the  joint  v.  h is 
fastened  upon  the  bar  i,  which  moves  up  and  down  in  the  tube  j,  and  has 
a toothed  rack  at  its  lower  portion,  h'  rests  upon  a rod  k of  soft  iron  also 
liaving  teeth  and  reaching  into  the  solenoid  l.  The  lid  Q of  the  solenoid  has  an 
opening  for  k and  carries  the  toothed  wheels  m and  m'.  These  are  insulated  from 
each  other  by  means  of  an  ivory  plate,  and  move  upon  the  axis  w.  Their 
diameters  are  in  the  proportion  of  i to  2,  that  is,  they  are  proportional  to  the  rates 
of  consumption  of  the  carbons.  The  teeth  of  the  larger  wheel  m gear  with  the 
teeth  of  rod  i,  the  smaller  wheel  m'  gears  with  the  rod  K.  The  spring  o is  connected 
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with  the  two  wheels,  and  tends  to  turn  the  wheels  so  as  to 
move  the  carbons  towards  each  other.  The  toothed  wheels 
R r'  r"  can  be  brought  to  act  with  m and  m',  and  serve  to 
lower  and  to  raise  the  carbons,  without  disturbing  the 
action  of  the  lamp,  and  so  as  to  place  the  arc  at  any  re- 
quired height.  To  add  to  the  steadiness  of  the  carbon- 
holders  the  pulleys  u are  fastened  at  several  places,  and 
a contact  roller  is  fixed  to  the  tube  j opposite  an  opening 
in  this  tube,  through  which  it  is  pressed  by  a spring  y 
against  the  rod  i conducting  the  current.  The  regulating 
mechanism  is  covered  by  a case  a b c d,  at  the  foot  of 
which  the  pole-clamps  p and  n are  fastened.  The  regu- 
lation of  the  arc  is  brought  about  by  the  spring  o and 
solenoid  l;  the  former  moves  the 
carbons  towards  each  other,  the  latter 
by  attracting  the  iron  rod  K tends  to 
separate  them.  The  current  enters 
the  lamp  at  p,  flows  through  x,  j, 

Y,  I,  H,  to  the  carbons ; then  from 
the  rod  k to  the  solenoid  l and  back 
again  to  n.  Before  the  current  enters 
the  spring  o has  brought  the  two 
carbons  to  touch  each  other ; as  soon 
as  the  current  circulates  through  the 
solenoid  the  rod  K is  pulled  down 
and  the  two  carbons  separate  and 
form  the  arc  The  consumption  of 
the  carbon  causes  increase  of  the  re- 
sistance in  the  circuit,  and  diminishes 
the  force  of  attraction  of  the  sole- 
noid, allowing  the  force  of  the 
spring  to  prevail,  and  causing  the 
two  carbons  to  move  again  towards  each  other.  The 
lamp  is  constructed  for  a single  light,  and  is  well  adapted 
for  battery  currents.  Twenty  large-plate  Bunsen  or 
sixty  small-plate  Bunsen  elements  might  be  used. 

Jaspar  s Regulator. — In  the  lamp  constructed 
by  Jaspar  the  variations  in  the  force  of  attraction  of  the 
solenoid  are  not  avoided,  but  they  are  compensated 
by  a corresponding  counter-weight.  The  upper 
positive  carbon  (Fig.  507)  is  fastened  to  a,  and  can 
be  adjusted  to  stand  directlyabove  the  lower  carbon. 

A IS  perfectly  insulated  from  the  other  portions  of 
the  lamp,  and  is  connected  with  the  positive  pole 


Fig.  506. — Gaiffe’s 


Regulator. 


R* 


Fig-  5<^7-  — Jaspar’s  Regulator. 
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of  the  source  of  electricity.  At  the  lower  end  of  a a string  is  fastened  which 
is  carried  over  a wheel,  upon  the  axis  of  which  there  is  anothar  wheel  of 
half  the  diameter  of  the  former.  The  string  which  passes  round  the  cir- 
cumference of  the  second  wheel  leads  to  the  carbon-holder  b.  By  this  arrange- 
ment the  negative  carbon  will  travel  half  as  fast  as  the  positive,  f balances  a, 
and  the  screw  k adjusts  the  weight  f along  the  lever  according  to  the  strength  of 
current.  The  negative  carbon-holder  b is  made  of  iron,  and  reaches  into  the 
solenoid  e ; as  long  as  there  is  no  current  passing  the  weight  of  a prevails  and 
causes  a to  descend.  By  means  of  the  strings,  b will  then  be  made  to  ascend, 
causing  the  carbons  to  touch  each  other.  When  the  lamp  is  inserted  into  a 
circuit,  B will  be  drawn  into  the  solenoid,  a will  rise,  the  carbons  will  be 
separated,  and  the  lamp  will  begin  to  burn,  l,  which  is  fastened  to  b,  has  at  its 
lower  end  a piston  which  moves  in  the  cylinder  d containing  mercury.  There  is 
but  a small  space  between  the  piston  and  the  sides  of  the  cylinder,  so  that  the 
mercury  secures  to  the  rod  l,  and  consequently  the  carbon-holder  b,  a uniform 
and  slow  motion.  As  the  carbon  is  consumed  the  length  of  the  arc  increases, 
the  current  diminishes  and  the  solenoid  loses  force.  The  weight  of  a will  then 
prevail,  and  will  cause  the  upper  carbon  to  descend  and  the  lower  carbon  to  go  up, 
hence  the  carbons  are  moved  towards  each  other  at  the  rate  at  which  they  are 
consumed.  The  force  of  attraction  of  a solenoid  alters  with  the  position  of  the 
iron  rod.  When  the  lamp  begins  to  burn  with  new  carbons  the  carbon-holder  b 
will  have  its  lowest  position ; and  when  the  carbons  are  nearly  consumed,  as 

shown  in  Fig.  507,  b will  have  arrived  at 
its  highest  position.  In  order  to  prevent 
the  arc  from  increasing  with  the  rising  of 
b,  the  weight  e is  fastened  on  the  left 
hand  to  the  large  wheel  in  the  drawing,  in- 
dicating the  condition  in  which  the  carbons 
are  nearly  burnt  out.  When  b has  its 
lowest  position  the  wheel  stands  so  that 
the  weight  e is  to  the  right  from  the  axis ; 
the  force  of  attraction  of  the  solenoid  is 
strongest  when  B is  at  it  highest,  but  so 
also  is  the  counter-force  of  weight  e.  When 
the  force  of  attraction  of  the  solenoid  is 
weakest  it  is  aided  by  the  weight  e.  In 
this  manner  Jaspar  maintains  uniform 
motion  of  the  carbon-holders  in  spite  of 
an  iron  rod  of  uniform  cross  section. 
Jaspar’s  regulator  is  constructed  for  single 
lights  and  continuous  currents,  is  very  sen- 
sitive, and  produces  a steady  light.  During 
the  Paris  Exhibition  (1881)  a large  room  was  lighted  by  three  lamps,  each  placed 
in  a cylinder  open  at  the  top,  having  a reflector,  as  shown  m Fig.  508.  This 


f'  ig-  508. — Jaspar’s  Lamp  and  Reflector. 
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kind  of  lighting  has  the  advantage  of  great  divergence,  producing  a uniform 
and  agreeable  light,  and  hiding  the  disagreeable  arc. 

Piette  and  Krizik’s  Regulator. — As  regards  simplicity  of  construction, 
the  lamp  by  Piette  and  Krizik  is  considered  to  be  among  the  best  for  prac- 
tical purposes.  It  is  more  generally  known  in  England  as  the  Pilsen  lamp. 
The  iron  core  is  shaped  as  shown  in  Fig.  509  ; here  the  cross  section  of 
the  iron  increases  or  diminishes  proportionately  to  the  increase  or  decrease 
in  the  force  of  the  solenoid.  In  all  three  positions  a,  b,  c,  the  iron  cf're 


will  be  at  rest,  assuming  that  Sj  and  Sg  have  the  same  electrical  values. 
If  unequal  currents  pass  through  the  coils,  the  iron  core  will  be  attracted  by 
the  coil  having  the  strongest  current.  Different  strengths  of  current  in  the 
two  coils  are  obtained  by  having  one  coil  of  thick  wire  inserted  in  the  main 
circuit,  the  other  coil  of  fine  wire  in  shunt.  The  direction  in  which  the 
iron  core  moves  will  therefore  be  determined  by  the  difference  of  the  effects  of 
the  two  coils.  The  regulator  by  Piette  and  Krizik,  therefore,  is  a so-called 
differential  lamp,  the  special  recommendation  of  which  is  that  several  can  be 
placed  in  the  same  circuit.  Fig.  510  is  a diagram  to  explain  the  action  of  a lamp 
constructed  on  this  principle.  The  double  conical  iron  core  f f is  placed  in  a 
brass  tube  which  bears  the  carbon  at  its  lower  end  E.  The  whole  is  fastened  to  a 
string  which  runs  over  a pulley  r counter-balanced  by  the  weight  q.  The  solenoid 
s is  inserted  into  the  main  circuit ; the  solenoid  s"  forms  a shunt  circuit  of  high 
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Dg.  509 — P.nnciple  of  Piette  and  Krizik’s 
Regulator. 


Fig.  510. — Piette  and  Krizik’s 
Lamp. 
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resistance.  At  c is  an  automatic  contact-breaker  which  shunts  the  current 
when  the  lamp  goes  out.  The  current  enters  at  s',  goes  through  c to  the  upper 
positive  carbon,  then  to  the  negative  carbon  and  back  to  the  source  of  electricity. 
When  the  carbons  are  near  together,  that  is,  when  the  resistance  in  the  main 
circuit  is  but  small,  s'  becomes  very  powerful  and  draws  the  two  carbons  from 
each  other  ; if  the  resistance  is  increased  during  the  consumption  of  the  carbons, 
a stronger  current  will  pass  through  s",  causing  the  carbons  to  approach  each 
other. 

Fig.  5 1 1 shows  a horizontal  model  of  this  lamp,  which  was  exhibited  at  the 
International  Paris  Electrical  Exhibition. 

A more  recent  form  of  this  lamp  is  shown  in  Figs.  512,  513.  The  coils  are 
arranged  side  by  side,  and  the  double  conical  core  is  divided  into  two  por- 
tions. Fig.  512  shows  a standing  lamp,  and  Fig.  513  shows  a lamp  in  section, 


but  reversed  for  the  hanging  mode  of  support,  and  Eg  are  the  divided  iron  cores, 

H the  principal  coil  with  a few  turns  of  thick  wire,  N the  branch  coil  with  a few 
turns  of  thick  wire  and  many  turns  of  thin  wire ; c is  an  electro-magnet  also  with 
double  coils,  n a resistance  coil  of  German  silver,  e a resistance  coil  of  iron 
wire  \ Gg  are  the  insulated  rails  along  which  the  core  Eg  slides  up  and  down ; 
Kj  and  Kg  are  the  carbons.  In  order  to  make  the  somewhat  complicated  course 
of  the  current  better  understood  we  shall  consider  the  different  periods : (i)  The 
two  carbons  do  not  touch  each  other  when  the  lamp  is  to  be  lighted.  The 
current  enters  the  lamp  at  -f  p,  flows  through  a,  through  the  thick  turns  of  k, 
through  b,  c,  and  the  platinum  contact  d to /,  through  the  resistance  wire  «,  where 
it  leaves  the  lamp  at  — p.  The  iron  core  e^  will  now  be  drawn  down  by  the  spiral 
a b ; the  carbon  K;^  will  be  lowered  to  touch  Kg.  (2)  The  current  upon  entering 
the  lamp  at  + p has  two  ways  open,  the  way  just  now  described  or  the  following  : 
through  the  two  carbons  Kj,  Kg,  G^,  i,  k to  m,  then  through  the  few  thick 
turns  of  the  electro-magnet  c o,  through  the  thick  turns  of  h and  through  L to 
- p.  The  greater  part  of  the  current  will  take  the  latter  course  because  it  offers 
the  less  resistance,  h therefore  draws  Eg  down,  causing  the  carbons  to  separate 
and  producing  the  arc.  The  contact  magnet  c has  now  become  magnetised  and 
attracts  its  armature,  breaking  contact  at  d.  (3)  The  current  described  under  (i) 
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has  "become  a weak  branch  current,  and  takes  the  following  direction.  From  -1-  p 
through  the  mass  of  the  lamp  to  a,  through  the  thick  and  thin  turns  of  coil  n 
and  through  the  thin  wires  of  electro-magnet  c,  uniting  at  m with  the  main 
current,  and  thence  having  the  same  direction  along  with  it  as  described  under 
(2).  (4)  The  arc  increases  proportionally  to  the  consumption  of  tlie  carbons, 


^d  thus  increases  the  resistance  in  the  main  circuit  (2).  The  branch  current  (3) 
mcreases  and  becomes  sufficiently  strong  to  again  attract  the  iron  core  E;^  through 
the  coil  N,  drawing  the  carbons  together,  producing  the  same  conditions  as  were 
described  under  (3).  (5)  We  have  nov/  only  to  consider  the  conduction  of  current 

when  the  carbons  are  consumed.  One  of  the  sliding  wheels  of  Eg  will  come  in 
contact  with  an  insulated  substance,  causing  the  current  to  take  the  following 
course  through  the  mass  of  the  lamp,  k^,  k,,  g,  e,  o,  h,  l,  to  - p.  The  branch 

current  flows  from  a through  the  thick  wires  ab  oi  coil  n,  c,  d.  /,  n,  to  the 
negative  clamp. 
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Schuckert,  who  has  undertaken  the  construction  of  Krizik’s  (Pilsen)  lamps 
for  Germany,  furnishes  lamps  of  6 to  8 or  8 to  lo  hours’  duration.  The  regulating 
mechanism,  as  a rule,  is  surrounded  by  a cylinder,  and  the  light  is  protected  by 
a glass  globe  (Fig.  514).  Fig.  515  represents  an  ornamental  lamp  as  used 
during  the  Exhibition  at  Vienna,  by  Piette  and  Krizik.  To  prevent  the  casting 
of  shadows  by  the  metallic  framework  the  glass  is  strongly  arched,  causing  the 


Fig.  514. — Pilsen  Globe. 


Fig.  515. — Ornamented  Globe. 


luminous  surfaces  to  over-reach  the  non-transparent  ribs,  so  that  the  ra_\s  of  light 
by  crossing  prevent  the  casting  of  shadows. 

Siemens  and  Halske’s  Differential  Lamp.— The  differential  lamp 
of  Siemens  and  Halske,  devised  by  Hefner  von  Alteneck,  was  the  first  lamp  of 
this  kind  which  was  used  to  any  extent  for  practical  purposes  j the  regulation  of 
the  carbons  in  this  lamp  is  effected  by  the  force  of  gravity,  s Sj  (Fig.  516)  is  a rod 
of  soft  iron  fastened  to  a lever  movable  about  o,  x is  a shunt  circuit  of  high  resist- 
ance, R a solenoid  of  small  resistance  inserted  into  the  main  circuit.  The  coils 
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of  the  two  solenoids  are  so  ar- 
ranged as  to  attract  the  iron  rod 
in  opposite  directions,  therefore 
the  difference  of  their  forces  only 
causes  it  to  move.  Let  us  as- 
sume that  the  carbons  h and  g 
do  not  touch,  but  are  some  dis- 
tance from  each  other.  The  cur- 
rent then  flows  from  L through 
the  coil  T of  high  resistance  to 
the  lower  carbon  //,  back  over  Lj 
to  the  source  of  electricity;  the 
iron  core  s becomes  magnetised 
and  is  drawn  into  t,  and  the  end 

of  the 


Fig.  S16 — Principle  of  the  Siemens  Lamp. 


517.— The  Diffeien- 
tial  Lamp  of  Siemens 
and  Halske. 


lever  is  brought  into  its  lowest  position ; at  that  mo- 
ment the  carbon-holder  a detaches  itself  from  the  lever 
cc-^,  sliding  gradually  downwards  until  the  two  carbons 
touch.  The  current  will  now  flow  from  l through  r g h 
and  Lj ; coil  r now  affects  the  rod  s s^,  drawing  it  down- 
wards, and  striking  the  arc.  At  the  moment  the  ascent 
commences,  connection  between  a and  c-^  is  again  es- 
tablished. We  have  now  in  the  circuit,  besides  the 
resistance  R,  the  resistance  of  the  arc,  which  increases 
with  the  length  of  the  arc;  causing  the  current  to  become 
stronger  at  t,  and  weaker  again  at  r,  until  at  a certain 
resistance  of  the  arc  the  attracting  forces  of  x and  R are  in 
equilibrium.  The  carbon  rods  are  slowly  consumed,  but 
the  arc  is  re-formed.  The  iron  rod  s is  gradually  lifted 
to  a higher  position,  c sinks  to  its  lowest  position,  when  a 
loosening  of  the  coupling  again  takes  place,  and  the 
whole  process  is  repeated.  If  the  current  outside  the 
lamp  circuit  is  altered  no  change  will  be  experienced 
by  the  lamp,  because  the  currents  in  the  two  coils  vary 
proportionately.  In  the  lamp  itself  the  carbon-holder  a z 
(Fig.  517)  is  not  directly  fastened  to  the  lever  which 
turns  about  d.  The  toothed  rod  z is  only  capable  o^ 
sliding  downwards  very  slowly  along  with  a,  thus  setting 
ihe  wheel  r and  the  escapement  e in  motion,  and  causing 
the  pendulum  p with  its  upward  arm  m to  oscillate.  All 
these  parts  are  about  a and  are  moved  up  and  down  along 
with  it.  When  the  piece  A is  raised  the  arm  m is  arrested 
by  a notch  in  the  lever  y,  which  stops  E and  couples  a 
with  2.  When  a reaches  its  lowest  position  the  lever  y 
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is  loosened  by  a pin,  and  both  e and  z are  freed  from  a,  and  the  carbons  are 
pushed  together  as  described.  A series  of  lamps  may  be  inserted  in  one  or 
several  circuits  of  the  machine.  When  the  carbon  has  been  consumed  the  lamp 
goes  out,  and  the  current  goes  through  the  coil  of  great  resistance ; to  prevent 
this  waste  of  energy  Siemens  has  a contact  arrangement  which  causes  a short- 
circuit.  The  length  of  each  carbon  is  15-5  inches,  with  which  a lamp  bums 
during  eight  hours. 

Siemens  “Band”  Lamp. — The  lamp  just  described,  although  still 
widely  used,  has  been  to  some  extent  superseded  by  an  arc  lamp  in  which  the 
feeding  forward  of  the  carbons  is  partly  controlled  by  a “ band  ” or  strap  passing 
over  a brake  wheel,  from  which  circumstance  the  lamp  is  called  the  “ band 


Fig.  518.— Siemens  “ Band  ” Lamp.  Fig.  519.— Plan  of  “ Band  ” Lamp. 


lamp.”  The  details  of  the  regulating  mechanism  are  shown  in  Figs.  518  and  519, 
the  former  being  an  elevation  and  the  latter  a plan  of  the  working  parts  of  the 
lamp. 

The  lower  carbon  is  fixed  in  a stationary  position  in  the  lower  part  of  the 
frame  <2,  and  is  not  shown  in  the  diagrams.  The  upper  or  positive  carbon  is 
attached  to  the  movable  frame  f,  the  position  of  which  is  controlled  by  the 
regulating  mechanism  to  which  it  is  attached  by  a conducting  metal  band  m 
passing  round  the  brake  wheel  d.  The  wheel  d is  connected  by  a train  of  wheels 
with  an  escapement  controlled  by  the  swinging  pendulum  w,  and  with  this  train 
and  pendulum  is  mounted  in  a movable  frame  r r turning  round  the  pivots  x x, 
which  are  fixed  in  the  standards  s s.  The  right-hand  end  of  the  frame  carries 
the  soft  iron  armature  h of  the  electro-magnet  e e ; this  armature  moves  in  front  of 
the  curved,  pole-pieces  k k,  and  when  attracted  is  drawn  downwards  carrying  with 
it  the  frame  r r,  and  the  brake  wheel  d with  its  clockwork  mechanism.  The 
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spring /i,  the  far  end  of  which  is  attached  to  the  fixed  standard  n,  acts  against  the 
electro-magnet,  and  the  actual  position  of  the  frame  depends  upon  the  relative 
value  of  the  forces  exerted  by  the  spring  and  the  electro-magnet  as  well  as  the 
weight  of  the  positive  carbon-holder,  which  tends  to  drag  the  frame  over 
towards  the  electro-magnet.  The  carbon-holder,  however,  can  also  descend 
without  the  frame  moving,  by  the  rotation  of  the  wheel  d,  which  is  loose  upon 
its  axle  y,  to  which  it  is  connected  inside  by  a coiled  spring  t,  which  is  wound  up 
if  the  carbon-holder  descends  whilst  the  axis  is  prevented  from  turning.  The 
latter  happens  when  the  position  of  the  frame  is  such  that  the  escapement, 
actuated  by  the  pendulum  w,  catches  against  a fixed  rod  g,  and  thus  stops  the 
motion  of  the  clockwork;  this  position  is  always  taken  up  when  there  is  no 
current  in  the  electro-magnet. 

The  working  of  the  lamp  will  now  be  readily  understood.  The  coils  of  the 
electro-magnet  are  wound  with  fine  wire  and  connected  to  the  terminals  of  the 
lamp.  Before  the  current  is  turned  on  the  carbons  are  held  apart  by  the  spring 
yi  lifting  the  frame,  and  the  clockwork  being  stopped  by  the  action  of  g.  When 
the  current  passes  it  first  energises  the  magnet,  which  attracts  the  armature  h, 
and  draws  the  frame  r r downwards,  disengaging  the  clockwork,  and  allowing  c 
to  descend.  As  soon  as  the  carbons  touch  the  bulk  of  the  current  passes 
through  them,  the  pull  of  the  electro-magnet  is  weakened,  the  frame  r r drawn 
back,  c is  lifted,  and  the  arc  struck.  As  the  carbons  burn  away,  and  the  arc 
lengthens,  more  current  passes  through  the  coils  oi  e,  r r is  drawn  a little  bit 
downwards  and  the  clockwork  released.  The  carbons  are  then  fed  forward  at  a 
regular  rate  depending  on  the  time  of  vibration  of  the  pendulum.  Should  the 
arc  at  any  time  become  too  short,  the  current  in  the  coils  of  the  magnet  again 
diminishes,  and  the  frame  is  drawn  back,  stopping  the  clockwork  until  the  arc 
regains  its  normal  length.  The  power  used  to  drive  the  clockwork  is  the  weight 
of  the  carbon-holder  c with  the  positive  carbon  in  it.  As  the  latter  burns  away 
the  loss  of  weight  is  compensated  by  the  action  of  an  additional  spring/^',  which 
is  fixed  so  as  to  help  the  carbon-holder  more  and  more  as  the  latter  descends 
from  its  topmost  position. 

The  lamps  of  this  pattern  are  adjusted  to  run  with  currents  varying  from  3 to 
25  amperes,  and  are  adapted  to  run  in  series  of  two  or  more.  They  can  also 
be  modified  to  work  with  alternate  currents. 

The  Brush  Lamps. — In  the  following  series  of  lamps  the  clockwork  is 
replaced  by  a brake  ring.  Fig.  520  represents  an  early  form  of  such  a lamp  by 
Brush.  The  solenoid  a consists  of  a few  turns  of  thick  wire,  its  core  consists  of 
a wrought-iron  tube  c,  the  weight  of  which  is  partly  counterbalanced  by  spiral 
springs  c,  adjustable  by  the  screws  d.  The  holder  b of  the  upper  carbon  moves 
freely  m the  tube  c.  The  lower  carbon-holder  can  be  adjusted  by  means  of  the 
screw  G.  The  iron  cylinder  supports  a hook,  which  catches  underneath  the  ring 
D,  so  as  to  lift  one  side  of  it  as  the  cylinder  rises.  When  no  current  passes 
through  the  solenoid  the  ring  d rests  on  the  base  plate,  and  the  upper  carbon  is 
permitted  to  slide  down  until  it  touches  the  lower  carbon.  When  a current 
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passes  through  it  the  solenoid  attracts  c,  and  raises  the  ring  d by  means  of  its 
hook.  The  edges  of  the  ring  in  rising  catch  the  carbon-holder  b,  forcing  it  to 
move  upwards,  and  producing  the  arc.  When,  through  increase  of  the  resistance 
by  the  consumption  of  the  carbons,  the  current  becomes  weaker,  c will  slowly 
sink  down,  causing  the  ring  again  to  rest  horizontally  on  the  base  plate  of  the 
frame,  and  again  allowing  b to  slide  down. 

The  lamps,  which  are  run  in  series  with  one  another,  have  the  same  regulating 


Fig.  520. — The  Brush  Lamp. 


Fig.  521. — Street  Lamp  by  Brush. 


mechanism,  only  the  solenoid  a has  double  turns,  the  inner  coils  of  which  consist 
of  thick  wire  connected  with  the  main,  and  the  outer  of  fine  wire  connected  to  a 
branch  circuit.  The  currents  in  the  inner  and  the  outer  coil  oppose  one  another. 
The  action  of  the  solenoid  will  be  the  result  of  the  difference  of  the  magnetic 
effects  of  both  currents.  When  the  two  carbons  touch  at  the  beginning,  a 
strong  current  will  flow  through  the  coil  of  thick  wire,  a weak  one  through 
the  thin  wire ; the  iron  core  will  be  attracted  with  a force  equal  to  the  differ- 
ence of  the  two  magnetic  effects,  thus  striking  the  arc  by  the  raising  of  the 
upper  carbon.  The  current  will  now  decrease  in  the  thick  coil  in  proportion 
with  the  consumption  of  carbons,  but  will  increase  in  the  coil  of  fine  wire.  The 
difference  of  the  magnetic  effects  of  both  coils  becomes  less  and  less,  allowing 
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the  core  to  sink  down,  and  the  ring  becomes  more  and  more  horizontal,  allowing 
the  upper  carbon-holder  to  fall.  With  a current  of  10  amperes  the  lamps 


burn  eight  hours. 

Brush  constructed  lamps  which  burn  longer,  having  two  or  more  carbon 
couples.  A lamp  with  two  carbon 
couples,  fitted  as  a street  lamp,  is 
shown  in  Fig.  521. 

In  the  more  recent  Brush  lamps, 
whilst  the  same  kind  of  clutch  is 
used  for  lifting  the  upper  carhon 
rod,  there  have  been  important  mo- 
difications in  detail.  One  of  the 
most  widely-used  lamps  of  this  class 
is  the  double  carbon  lamp  for 
series  working  on  a constant  current 
supply  system.  This  lanip  is  illus- 
trated in  Figs.  521  to  525.  Fig. 

521  gives  an  external  view  of  the 
lamp  as  mounted  for  street  lighting, 
and  the  other  figures  show  details 
of  the  mechanism.  Fig.  522  repre- 
sents the  lamp  with  the  front  cover 
remoyed,  and  parts  of  the  coils 
omitted  to  give  a clearer  view  of 
the  details ; Fig.  523  shows  the  lamp 
as  seen  from  the  back,  and  Fig.  524 
is  a side  view  in  section  through  one 
of  the  carbons. 

The  clutches  which  actuate  the 
carbons  are  shown  separately  at  the 
bottom  of  Fig.  522.  The  two  rings 
through  which  the  carbon  rods  slide 
are  both  lifted  by  the  projecting 
corners  of  the  hollow  rectangular 
cross-piece,  which  is  itself  moved  by 
the  action  of  the  electro-magnets. 

It  should  be  noticed  that  when  this 
cross-piece  moves  upwards,  the  ring  Fig.  522.— Mechanism  of  Brush  Lamp, 
on  the  right  being  caught  by  a thicker 

projection  is  tilted  and  grips  its  carbon  before  the  one  on  the  left  is  moved.  This 
simple  device  ensures  that  the  arc  shall  be  struck  first  by  the  left  hand  pair  of 
carbons.  When  the  cross-piece  is  in  its  lowest  position  both  washers  lie  flat  on 
the  bottom  of  the  lamp  box,  allowing  the  carbon  rods  to  slide  freely  downwards. 
The  cross  rectangular  piece  is  moved  up  and  down  by  levers  connected  to  the 
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armature  b of  the  large  electro-magnets  at  the  front  of  the  lamp  ; the  levers  can  be 
seen  in  Fig.  524,  though  the  cross-piece  is  hidden;  the  fulcrum  is  at  a.  The  armature 
B is  rigidly  attached  to  massive  soft  iron  cores,  which  slide  up  and  down  in  the 
hollow  coils  of  the  solenoids.  The  weight  of  the  cores  and  armature  is  chiefly 
sustained  by  the  spring  c,  which  can  be  adjusted  to  the  proper  tension,  a is  a 
dash-pot  (shown  partly  cut  open  in  Fig.  522),  containing  a piston  working  in 
glycerine,  the  object  of  which  is  to  moderate  any  jerkiness  in  the  action  of  the 
magnets.  The  tops  of  the  carbon-holders,  as  can  be  seen  in  Fig.  522,  also 
contain  similar  dash-pots  to  steady  the  motion  of  the  carbons. 

The  electrical  connections  of  the  lamp  are  shown  diagrammatically  in  Fig.  525. 


Fig.  523. — Brush  Lamp  from  back. 


Fig.  524. — Side  Section  of  Brush  Lamp. 


p is  the  positive  terminal  from  which  thr?e  distinct  circuits  start.  The  first, 
a fine  wire  shunt  circuit,  passes  to  the  solenoid  of  the  large  electro-magnet,  | 
then  to  the  solenoid  e,  afterwards  to  the  magnet  a,  and  then  to  the  negative 
carbon  K^,  the  holder  of  which  is  directly  connected  to  the  negative  terminal.  | 
The  second,  a series  circuit  of  thick  wire,  passes  through  the  coils  of  the  magnet  | 
E El  by  two  paths  in  parallel  with  each  other,  and  then  passes  on  to  the  positive  j 
carbon  k,  and  through  the  arc  to  the  negative  carbon  and  terminal.  The  fine  ' 
and  thick  wire  coils  of  e e^  are  wound  so  as  to  tend  to  magnetise  the  cores 
oppositely,  and  the  lamp  works  differentially. 

In  considering  the  action  of  lamps  with  series  and  shunt  circuits  m _ which  ^ 
the  carbons  are  automatically  in  contact  when  the  current  is  not  passing,  it  must 
be  remembered  that  as  long  as  the  carbons  are  in  contact  there  is  not  much  1 
potential  difference  between  them,  and  that  the  shunt  coil,  therefore,  gets  vep^  ^ 
little  current.  As  soon,  however,  as  the  carbons  are  separated  and  the  arc  struck,  , 
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a back  e.m.f.  is  developed  in  the  arc,  which  raises  the  p.d.  of  the  carbons 
considerably.  For  hissing  arcs  this  p.d.  may  be  as  high  as  20  volts,  whilst  for 
silent  arcs  it  is  never  less  than  about  32  volts.  After  the  arc  is  struck,  therefore, 
the  shunt  coil  receives  a considerable  addition  to  its  current. 

When  the  lamp  is  not  working  the  carbons  are  in  contact,  and  the  first  rush 
of  current  causes  the  magnet  E e^  to  lift  the  cores  and  armature  B Bj,  thus 
actuating  the  clutch.  The  right-hand  carbon  (Fig.  522)  is  first  lifted,  but  as 
there  is  still  a circuit  through  the  left-hand  pair  no  arc  is  struck  on  that  side. 
Immediately  afterwards  the  clutch  of  the  left-hand  carbon  operates,  and  the  arc 


is  struck  there.  The  currents  in  the  two  circuits  now  re-adjust  themselves,  and 
as  the  arc  grows  longer  the  fine  wire  or  shunt  current  increases,  and  eventually 
causes  B to  drop  a little,  loosening  the  clutch,  and  allowing  the  carbon-holder  k 
to  slip  down  a bit,  when  the  current  in  the  shunt  diminishes,  and  the  clutch 
again  grips  the  carbon.  In  this  way  the  feed  is  automatically  maintained. 
When  the  left-hand  carbons  are  burnt  out  the  positive  carbon-holder  comes 
into  contact  with  a stop  which  prevents  it  dropping  farther,  and  consequently 
the  arc  increases  in  length  till  it  goes  out.  The  main  current  is  thus  for  a 
moment  broken,  the  right-hand  carbons  run  together,  being  no  longer  held  by 
the  clutch,  and  the  current  passes  through  them.  The  arc  is  at  once  struck 
on  that  side,  and  the  regulation  goes  on  as  before  until  these  carbons  are  also 
burnt  out. 

We  have  still  to  refer  to  the  third  circuit  which  starts  from  p,  and  which  is  a 
cut  out  circuit.  This  first  passes  through  a brass  coil  r to  the  insulated 
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lever  n m,  and  when  the  lamp  is  working  properly  goes  no  farther.  Suppose, 
however,  that  by  the  burning  out  of  both  pairs  of  carbons,  or  through  any 
accident,  the  circuit  through  the  carbons  is  broken,  then  the  whole  current  passes 
through  the  fine  wire  circuit  and  enables  the  magnet  a to  attract  its  armature  r. 
This  raises  the  lever  n m,  and  closes  the  gap  p q,  continuing  the  third  circuit 
through  a few  thick  wire  turns  on  the  magnet  a to  the  negative  carbon  and 


terminal.  The  current  that  passes  through  this  circuit  enables  a to  hold  q firmly 
against  /,  and  thus  the  working  circuits  of  the  lamp  are  cut  out.,  the  current 
passing  through  the  low  resistance  circuit  p r / a c to  the  other  lamps. 

Gerard’s  Lamp. — Fig.  526  represents  one  of  Gdrard’s  lamps  (lampe 
^ glissifere).  The  spiral  spring  fastened  at  r opposes  the  force  of  the  electro- 
magnet E.  When  the  magnet  is  currentless,  the  spring  r draws  the  lever  to 
the  left,  and  thus  arrests  s j when  a sufficiently  strong  current,  however,  flows 
through  E,  a is  attracted,  and  therefore  sets  free  s,  electro-magnet,  carbon- 
holder,  lever,  and  spiral,  f f is  a guide-rod. 


Fig.  526. — Gerard’s  Lamp. 


Fig.  527. — Gerard’s  Lamp. 
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The  lamp  shown  in  Fig.  527  is  intended  for  alternating  currents,  ss  are 
spiral  springs,  m m hollow  magnets,  b b the  brake  arrangement.  The  form  of 
a differential  lamp  has  been  given  by  Gerard  to  this  lamp.  The  armatures  a a 
are  placed  between  magnets  of  which  the  upper  couple  is  inserted  in  the  main 
circuit,  and  the  lower  couple  in  a branch  circuit. 


Fig.  528. — Cance’s  Lamp. 


Cance  s Lamp.  The  brake  arrangement  in  the  lamps  by  Cance  (Fig. 
528)  consists  of  a female  screw  e f in  which  v moves.  The  current  flows 
through  the  lamp  in  the  direction  indicated  by  the  arrows.  The  electro- 
magnets Bj  Bjj  attract  the  cores  n n which  press  against  the  plate  l l.  The 
plate  is  raised,  and  pushes  against  e f. 

Weston-Mohring  s Lamp. — This  lamp  is  represented  in  Fig.  529. 
The  armature  a of  the  electro-magnet  e e^  is  fastened  to  the  springs  f f,  and 
the  lever  h,  which  has  a hole  to  let  the  upper  carbon-holder  k pass  through. 
The  spiral  spring  s,  which  can  be  regulated  by  means  of  the  screw  r,  opposes 
the  force  of  attraction  of  the  electro-magnet  e Ej.  As  long  as  there  is  no 
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current  passing  through  the  lamp  the  lever  h is  in  its  lowest  position,  and 
allows  the  carbon-holder  K to  slide  down  until  it  reaches  the  lower  carbon  ; 
a current  then  flows  through  the  coils  of  the  electro-magnet.  By  the  attraction 
of  its  armature  the  lever  H is  drawn  upwards,  and  as  the  opening  of  the  lever 
will  no  longer  have  a horizontal  but  a slanting  position,  the  edges  of  it  will  catch 
the  carbon-holder  and  force  it  to  move  upwards 
with  the  lever.  During  the  consumption  of  the 
carbons  the  attracting  force  of  the  magnet  dimin- 
ishes, the  armature  a sinks,  the  lever  h moving 
with  it,  and  allowing  the  carbon-holder  to  slide 
down  again.  To  steady  the  motion  of  the  arma- 
ture, a piston  moving  in  a cylinder  contain- 
ing glycerine  is  fastened  by  means  of  the  rod 
c to  it.  The  electro-magnet  e has  three  coils  on 
each  of  its  arms  : that  which  is  nearest  the  soft 
iron  core  is  a coil  of  thin  wire ; upon  this  is  a 
coil  of  thick  wire,  and  the  last  layer  again  con- 
sists of  fine  wire.  The  coils  with  thick  wire  are 
inserted  in  the  main  current,  those  of  fine  wire 
in  a branch  current.  The  direction  of  current 
in  the  former  is  opposite  to  the  direction  of 
current  in  the  latter.  The  attracting  force  of 
the  electro-magnet  is  determined,  therefore,  by 
the  difference  of  the  magnetic  forces  in  the  two 
kinds  of  coils.  By  making  use  of  the  differential 
magnet  the  lamp  can  be  used  in  series  with 
other  lamps. 

We  shall  next  consider  a group  of  lamps  in 
which  the  force  of  gravity  moves  the  carbons; 
this  motion,  however,  being  regulated,  not  by  a 
brake  ring,  but  by  clockwork  and  electro-magnets. 

Serrin’s  Regulator. — To  this  class  of  lamps  belongs  the  regulator  by 
Serrin,  constructed  in  1859.  The  upper  positive  carbon-holder  b (Fig.  530)  has 
in  its  lower  third  a rod  a,  the  teeth  of  which  are  geared  with  the  teeth  of  the  wheel  f. 
Upon  the  same  axis  as  f is  a wheel  G,  the  radius  of  which  is  one-half  of  f.  From 
G runs  a steel  chain  over  j to  an  ivory  piece  which  is  connected  with  the  lower 
negative  carbon-holder  k.  At  the  bottom  of  the  lamp  case  there  is  an  electro- 
magnet E,  the  horizontal  armature  z of  which  is  fastened  to  the  parallelogram  RSiu. 
R s can  turn  about  r,  and  t u can  turn  about  x.  The  vertical  side  s u is  con- 
nected with  the  cross  piece  carrying  j.  To  prevent  the  parallelogram  from  being 
drawn  down  by  its  own  weight,  there  are  two  springs  r (the  second  is  not 
shown  in  the  drawing),  one  of  which  can  be  adjusted  by  means  of  the  screw  b 
and  the  lever  a.  The  springs  are  so  regulated  that  r s and  x u stan  ion 
zontaily.  The  last  wheel  e forms  the  spur  wheel  in  which  the  three-comere 


Fig.  529. — Weston-Mbhring’s 
Lamp. 
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click  d catches.  When  the  upper  carbon  is  drawn  up,  as,  for  instance,  for 
the  purpose  of  fixing  a carbon,  the  wheel  f only  will  be  in  m&tion,  the  rest 
of  the  clockwork  being  at  rest.  The  arms  x and  y with  their  screws  serve 
for  the  exact  adjustment  of  the  upper  carbon.  The  current  flows  through  the 


metal  portions  of  the  lamp  into  the  carbon-holder  b,  through  the  carbons  to 
K,  through  the  spiral  / / to  the  clamp  z,  which  is  connected  with  the  electro- 
magnet e.  When  a current  passes  through  the  lamp,  e attracts  its  armature 
z,  and  the  side  su  of  the  parallelogram  descends  and  carries  with  it  the  lower 
carbon-holder.  The  upper  carbon-holder  b is  raised  by  means  of  its  connection 
with  the  wheel  f.  The  carbons  are  thus  separated  and  the  arc  formed.  In 
spite  of  Its  weight,  the  upper  carbon-holder  cannot  fall  on  the  lower,  as  the 
Click  d catches  in  the  spur  wheel  <r,  and  arrests  the  clockwork. 
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The  resistance  increases  with  the  consumption  of  the  carbons,  and  as  the 
current  becomes  weaker  so  the  electro-magnet  becomes  weaker.  The  springs, 
therefore,  come  at  length  again  into  action,  and  push  the  parallelogram  upwards, 
causing  the  click  d to  be  raised,  and  the  clockwork  to  be  liberated.  The 
carbon-holder  b now  sinks,  and  G is  raised  by  means  of  the 
wheel  F ; the  chain  h now  raises  the  lower  carbon-holder 
K,  i.e.  the  two  carbons  are  brought  near  to  each  other 
once  more. 

Lontin  modified  Serrin’s  regulator  by  placing  the  electro- 
magnet A in  a branch  circuit,  and  not  in  the  main  circuit, 
as  shown  in  Fig.  531.  An  arrangement  is  here  shown 
which  enables  the  regulator  to  be  used  in  series  with 
others,  the  position  of  the  electro-magnet  and  the  form  of 
armature  being,  the  same.  If  the  lamp  is  to  be  used  with 
alternating  currents,  the  diameters  of  the  wheels  f and  G 
have  to  be  the  same,  for  the  two  carbons  are  consumed 
at  the  same  rate,  and  not  in  the  proportion  i to  2,  as  in 
Fig.  485. 

Gramme’s  Double  Circuit  Lamp.— In  the  double 
circuit  lamp  by  Gramme  (Fig.  532)  d carries  the  upper  posi- 
tive carbon,  and  the  weight  of  d serves  as  a motor  for  pro- 
ducing the  motion  of  the  latter  j the  negative  carbon  is 
fastened  to  a cross  piece  G,  which  is  connected  with  two 
rods  E E ; these  have  at  their  upper  ends  the  AjTOught- 
iron  bar  c,  which  serves  as  an  armature  to  the  electro- 
magnet A A,  which  is  inserted  in  the  main  circuit.  The 
electro-magnet  b is  inserted  in  a branch  circuit  of  great 
resistance,  its  armature  is  fastened  to  the  lever  l movable 
about  V ; s is  a click  which  falls  in  with  a spur  wheel, 
u is  a spring  which  tends  to  pull  oflf  the  armature  from  b, 

N is  a contact  spring,  and  m a contact  pin.  The  action  of 
the  lamp  is  as  follows : When  the  lever  l,  to  which  the 
click  s is  fastened,  is  at  rest,  s is  moved  upwards,  through 


I 

I 

1 


the  action  of  springs  R R and  the  joints  x y,  and  the  spur  Fig.  532.— A Gramme 
wheel  is  set  free  j d will  therefore  be  depressed  until  the  Lamp, 

two  carbons  touch  each  other.  The  current  will  enter  at 

the  + clamp,  will  then  flow  through  the  metal  parts  of  the  lamp,  through 
the  carbons,  through  the  rod  E,  to  the  electro-magnet  a a and  to  the  — 
clamp.  At  P there  is  a branch  current,  carried  from  the  main  current, 
which  flows  round  the  magnet  b without  passing  the  arc.  The  current  wUl 
flow  through  the  pin  M,  through  the  insulated  contact  spring  N,  through  the 
magnet  a and  at  P back  again  to  the  lamp.  Whenever  a current  passes 
through  the  lamp  the  electro-magnet  a a attracts  c,  forcing  the  rods  ee  down- 
wards, and  with  them  the  lower  carbon,  thus  striking  the  arc.  The  lower 
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carbon  remains  in  this  position  while  the  lamp  is  burning,  and  by  means  of 
the  falls  of  the  rods  e e,  and  the  spring  u,  the  click  s is  made  to  catch  in 
the  spur  wheel,  and  to  prevent  the  descent  of  the  upper  carbon-holder  d.  The 


Fig-  533- — Crompton’s  Lamp. 


electro-magnet  b is  very  large,  and  the  coils  of  it  possess  a high  resistance.  As 
the  carbons  are  consumed  the  resistance  in  their  circuit  increases,  consequently 
the  current  in  the  main  circuit  becomes  weaker,  but  that  in  the  branch 
circuit  is  strengthened.  This  continues  until  the  electro-magnet  b attracts  its 
armature,  setting  the  spur-wheel  free,  and  allowing  the  carbon  to  sirik  farther 
down , but  at  the  same  time  contact  is  broken  with  the  spring  n and  pin  m, 
and  the  current  through  the  magnet  ceases.  Now,  therefore,  the  spring  u draws 
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the  armature  off  again,  the  clockwork 
is  arrested  and  further  descent  of  the 
carbon  prevented.  The  lamp  is  used 
both  for  single  and  series  lights. 

In  the  lamps  we  have  to  consider 
next,  the  motion  of  the  carbon  is 
brought  about  by  the  weight  of  the 
carbon -holder,  but  the  regulation  is 
effected  by  a magnetically  controlled 
brake.  To  this  group  belong  the 
lamps  by  Crompton,  Burgin,  Gulcher, 
Hauck,  etc. 

Crompton’s  Regulator  Lamp. 
— The  lamp  which  Crompton  exhibited 
at  Munich  in  1882  is  shown  in  Fig. 
533.  The  principal  electro-magnet 
G G is  inserted  in  the  main  circuit,  and 
the  auxiliary  magnet  c c in  a branch 
circuit.  When  the  two  carbons  touch 
each  other  the  current  flows  through 
the  electro-magnet  G g,  attracting  its 
armature  and  raising  the  upper  carbon- 
holder  a little  by  means  of  the  wheel  r, 
so  completing  the  circuit.  By  increas- 
ing the  resistance  in  the  arc,  a branch 
current  will  be  made  to  flow  through 
the  electro-magnet  c c,  which  will  now 
attract  its  armature  and  take  off  the 
brake  f from  the  wheel.  The  wheel- 
work  is  set  free,  and  the  upper  carbon 
is  allowed  to  descend.  At  the  same 
time  the  lower  carbon  is  raised  because 
the  two  carbon-holders  are  connected 
with  each  other  by  means  of  the  string 
p,  which  runs  over  the  pulleys  R.  By 
this  arrangement  the  point  of  light 
during  the  time  the  lamp  is  burning 
is  kept  at  a constant  height. 

The  lamp  just  described  has,  since 
1882,  been  modified  in  many  details, 
and  is  now  superseded  by  the  lamp 
shown  in  Fig.  534,  which  is  known 
as  the  Crompton-Crabb  D.  D.  (double 
differential)  lamp.  The  lower  carbons 
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are  fixed,  and  when  no  current  is  passing  through  the  lamp  the  upper  carbons  are 
free  to  fall  by  their  own  weight  until  they  rest  on  the  lower  ones.  Each  upper 
carbon-holder  has  a rack  cut  on  its  side  which  gears  into  a pinion  on  the  axle 
of  its  brake  wheel  d.  The  axle  of  the  wheel  is  supported  by  a sleeve  s (Fig.  535), 
through  which  the  carbon-holder  c c passes  ; thus  the  brake-wheel  and  its  pinion 
can  be  bodily  lifted  by  means  of  the  lever  l and  the  skid  b,  but  when  no  current 
is  passing  the  sleeve  rests  by  means  of  the  pin  / on  a part  of  the  lever  nearer 


the  fulcrum  than  b.  Thus  in  the  lowest  position  the  pin  p supports  the  sleeve, 
and  the  skid  b is  clear  of  the  wheel,  whilst  in  higher  positions  the  skid  is 
against  the  wheel,  and  the  pin  does  not  rest  on  the  lever.  The  electrical  con- 
trol is  effected  by  the  long  solenoid  a b (Fig.  534)  fixed  above  the  body 
of  the  lamp.  This  solenoid  is  differentially  wound  with  two  coils ; a fine  wire 
coil  B joined  as  a shunt  across  the  terminals  of  the  lamp,  and  a thick  wire  coil  a, 
through  which  passes  the  current  that  goes  to  the  carbons.  As  is  usual  in  all 
differential  lamps,  the  currents  in  the  two  coils  have  opposite  magnetic  effects. 

The  double  solenoid  acts  on  a hollow  plunger  j of  soft  iron,  the  weight  of 
which  is  partly  sustained  by  a spiral  spring  attached  to  the  top  end  of  the 
solenoid.  When  the  current  is  first  turned  on  it  flows  through  a and  the 
carbons,  and  the  plunger  is  drawn  up  into  the  solenoid.  Thus  the  links  h 
and  G connected  to  the  levers  l and  K are  lifted,  and  the  skids  b are  brought 


535' — Brake  Wheel  of  Crompton-Crabb  Lamp. 


542 


Electricity  in  the  Service  of  Man. 


against  the  brake  wheels,  preventing  them  from  rotating.  But  the  upward  move- 
ment of  j still  continuing,  the  brake  wheels  are  bodily  lifted,  one  a little  bit  in 
advance  of  the  other,  so  as  to  insure  the  arc  striking  on  one  side  only.  The  lamp 
is  now  fairly  alight,  and  its  regulation  depends  on  the  principles  already  indicated 
as  governing  the  action  of  differential  lamps.  A slight  fall  of  j allows  the 
carbon-holder  through  which  the  current  is  passing  to  move  down,  whilst  when  j is 
drawn  up  again  the  movement  of  the  holder  is  locked  by  the  brake.  These 
movements  of  j are  regulated  by  the  currents  in  the  opposing  solenoids  a 
and  B,  the  relative  values  of  the  currents  depending  on  the  length  of  the  arc. 

Should  the  carbons  from  any  cause  fail  to  come  together,  the  central  spindle 

To  Shunt  Coii 


will  drop  on  to  a contact  on  the  base  of  the  lamp-box,  and  cut  the  lamp 
completely  out  of  circuit. 

The  Brockie-Pell  Lamp.— Another  excellent  and  widely-used  lamp,  in 
which  the  feed  of  the  carbons  is  regulated  by  a brake-wheel,  is  the  Brockie-Pell 
lamp,  the  working  parts  of  which  are  shown  in  Figs.  53^  537-  Here,  as  in 

the  lamp  juk  described,  the  upper  carbon-holder  c carries  a rack  which  gears 
into  the  pinion  on  the  axle  of  the  brake-wheel  d.  The  skid,  consisting  of  a 
circular  leather  pad  M,  is,  however,  applied  to  the  inside  of  the  rim  of  the  wheel 
instead  of  to  the  outside  as  in  the  last  example,  m is  attached  to  a short  arm 
projecting  from  a lever  L,  which  is  pivoted  at  Q to  a segmental  piece  which 
turns  loosely  on  the  axle  of  the  brake-wheel  and  carries  two  weights  w w. 
One  end  of  the  lever  strikes  against  a fixed  stop  s,  the  effect  of  which  is  to  cause 
the  skid  m to  leave  the  rim  of  the  wheel  d when  the  other  end  of  the  lever  l is 
lowered  past  a certain  point.  This  end  l is  attached  by  a link  g to  a rocking 
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lever  pivoted  at  f,  the  motion  of  which,  therefore,  regulates  the  movements  of  the 
upper  carbon-holder. 

In  this  lamp  the  two  regulating  coils  are  wound  on  separate  bo^bbins,  Ej  and 
E.,  (Fig.  537).  Ej  carries  the  thick  wire  low  resistance  series  coil,  through  which 
the  whole  current  of  the  arc  passes,  whilst  £3  carries  the  fine  wire  high  resistance 
shunt  coil.  Each  coil  when  a current  passes  through  it  attracts  a plunger,  but  as 
these  plungers  a and  b (Fig.  537)  are  attached  to  the  opposite  ends  of  the 
rocking  lever,  their  effects  on  the  motion  of  the  lever  l q are  opposite  to  one 
another,  the  upward  movement  of  a lifting  l q,  whilst  the  upward  movement  of 
B depresses  it 

The  action  of  the  mechanism  is  very  simple.  The  carbons  being  in  contact 
with  one  another,  when  the  current  is  turned  on  it  nearly  all  passes  through  E^ 
and  lifts  the  plunger  a.  This  raises  the  end  l of  the  lever  l q,  brings  the  skid 
M against  the  inside  of  the  wheel,  and  bodily  lifts  the  wheel  D,  the  pinion  p, 
and  the  carbon-holder  c,  thus  striking  the  arc.  As  soon  as  the  arc  is  struck  the 
potential  difference  of  the  terminals  of  the  lamp  rises,  and  the  shunt-coil  Eg 
receives  an  appreciable  current  which  tends  to  raise  the  plunger  b,  and  thus  to 
lower  the  lever  l q,  so  as  to  allow  the  carbon  c to  move  downwards.  By  the 
opposing  actions  of  the  two  coils,  therefore,  the  arc  is  maintained  at  an 
approximately  constant  length,  and  the  lamp  burns  quietly  and  steadily 
without  any  appreciable  flickering. 

Gulcher’s  Lamp  (Fig.  538)  is  intended  for  parallel  working,  though  it 
has  neither  branch  circuit  nor  differential  coils.  The  upper  positive  carbon 
is  fastened  to  the  iron  rod  f,  which  is  connected  with  the  negative  carbon- 
holder  by  means  of  a string  and  pulleys,  in  such  a manner  that  it  has  to 
move  through  twice  the  distance  of  the  lower  carbon-holder.  Two  pulleys 
are  fastened  to  an  axle,  the  diameters  of  which  are  in  the  proportion  of 
I to  2 ; the  string  of  the  positive  carbon-holder  runs  over  the  larger,  and  the 
string  of  the  negative  carbon-holder  over  the  smaller  pulley,  d is  an  electro- 
magnet movable  about  c ; k is  a spring  which  presses  against  the  electro-magnet, 
tending  to  turn  it  in  the  direction  of  L.  h is  a block  of  soft  iron,  j a piece 
of  wrought  iron  fastened  to  the  spring  e.  The  electro-magnet  has  semicircular 
poles  at  j,  and  on  the  opposite  end.  At  j the  pole-piece  reaches  over  a portion 
of  the  lower  side  of  the  magnet.  The  current  entering  at  a flows  through  b 
to  c through  the  coils  of  the  electro-magnet  and  its  iron  core,  and  then  through 
the  iron  rod  f and  both  carbons  to  G.  As  soon  as  the  circuit  is  completed 
D attracts  f,  but  is  attracted  at  the  same  time  by  the  soft  iron  piece  h; 
the  consequence  is  that  the  magnet  turns  about  c,  so  that  the  upper  carbon- 
holder  F IS  pushed  upwards,  and  the  lower  carbon,  being  connected  with  f, 
IS  depressed,  t.e.  the  carbons  are  separated  to  form  the  arc.  Through  increase 
of  resistance  in  the  circuit  the  magnet  loses  power,  and  the  force  with  which  it 
attracts  h ecomes  less  and  less.  Finally,  the  weight  of  the  upper  carbon-holder 
overcomes  the  attraction  of  h,  and  the  magnet  turns  in  the  opposite  direction, 
until  It  is  arrested  at  l,  causing  the  carbons  to  approach  each  other.  To  prevent 
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violent  oscillations  of  the  magnet  when  the  lamp  is  lighted,  etc.,  the  pole 
opposite  to  F has  the  magnetic  brake  at  j,  so  that  the  force  of  the  soft  iron  piece 


Fig-  539' — Hanging  Lamp. 


will  correspond  to  the  force  of  the  magnet  at  various  period-s,  causing  it  to 
move  uniformly.  The  carbon-holder  and  the  pole-piece  touching  it  are  further 
provided  with  a brass  jacket. 
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The  whole  of  the  mechanism  in  the  lamp  shown  in  Fig.  490  is  arranged 
above  the  carbons,  so  as  to  be  used  for  rooms,  etc.  No  variations  can  be 
observed  in  the  light  of  this  lamp ; it  is  almost  white,  and  free  from  any  tint 
of  violet,  which  is  common  to  the  lights  obtained  by  currents  of  low  potential. 

Let  us  next  show  how  this  lamp 
can,  in  spite  of  its  simple  construction, 
be  utilised  for  parallel  working.  Let 
us  assume  that  two  lamps  (a  and  b, 

Fig.  540)  are  to  be  inserted  into  a cir- 
cuit in  succession.  At  first  when  the 
lamp  A,  having  its  branch  circuit 
closed,  is  burning,  the  circuit  of  the 
second  lamp  b is  closed,  so  that  the 
current  coming  from  the  machine  will 
have  to  divide ; one  branch  of  it  will 
flow  through  a,  and  a second  branch 
through  B.  In  b the  carbons  touch 
each  other,  and  therefore  the  resistance 
the  current  has  to  overcome  the 


Fig.  540. — Connections  of  Giilcher  Lamps. 


here  will  be  less  than  in  a,  where 
considerable  resistance  of  the  arc ; it 
follows,  then,  that  the  electro-magnet  in  b must  be  powerful  enough  to  separate 
the  carbons.  At  the  same  time  the  current  in  a becomes  weaker,  and  the 
carbons  are  allowed  to  approach  each  other.  The  conditions  are  now  reversed  j 
the  carbons  are  brought  nearer  to  each  other  in  a,  and  separated  farther  from 
each  other  in  b,  so  that  the  magnet  in  a is  strengthened  while  the  magnet  in  b 
is  weakened.  Again,  the  carbons  in  a are  separated,  and  those  in  b brought 
near  to  each  other.  And  this  is  continued  until  equilibrium  is  effected  in  the 

two  lamps,  which  gene- 


rally takes  place  in  a 
short  time.  It  is  evi- 
dent that  a third  lamp 
c may  be  inserted,  with 
a similar  process  of 
oscillation,  and  will  be 
in  equilibrium  with 
the  first  two  lamps 
considered  as  a whole, 
,,  . . and  so  on. 

Uniform  distribution  of  current  for  the  several  lamps  may  be  brought  about 
Dy  parallel  joining,  if  m any  portion  care  is  taken  that  the  cross  section  of  the 

to  the  strength  of  current  required  at  that  particular 

are  lamns  made  up  of  as  many  wires  as  there 

strenaiTV  ^ same  cross  section  which  corresponds  to  the 

trength  of  current.  Suppose  the  bundle  consists  of  six  wires,  denoted  by  6 f ; i, 

o nected  with  one  pole  of  the  machine  (Fig.  541),  and  is  then  conducted  to 
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the  first  lamp ; here  one  wire  is  allowed  to  branch  off,  and  the  remaining  5 i are 
conducted  to  lamp  ii ; here  again  a wire  branches  off,  and  the  remaining  4 i are 
then  conducted  to  lamp  iii,  and  so  on  until  the  lamp  vi  is  reached,  where  only 
one  wire  remains.  A second  bundle,  exactly  like  the  first,  is  connected  with  the 
other  pole  of  the  machine,  and  conducted  in  the  same  manner  to  the  several 
lamps,  until  only  one  wire  is  left  for  lamp  l.  The  quantity  of  current  will 
diminish  therefore  with  the  cross-section  of  the  conductor ; and  the  division  of 
the  light  is  here  brought  about  by  parallel  joining.  This  system  of  lighting  is 
distinguished  by  the  safety  of  its  lamps,  which  are  not  only  simple  in  construction 
but  low  in  price.  A light  free  from  violet  discolorations  is  produced  even  by 
currents  of  low  potential,  and  when  several  lamps  are  inserted  in  the  same  circuit 


The  parallel  arrangement,  however,  requires  more  conducting  material  than  a 
series  arrangement. 

In  the  more  recent,  form  of  Giilcher  Lamp  the  straight  electro-magnet 
divided  into  two  unequal  lengths  by  the  pivot  c (Fig.  538),  is  replaced  by  a 
horse-shoe  magnet  with  limbs  of  unequal  length  pivoted  at  its  yoke.  Fig.  542  is 
a plan  of  the  mechanism  of  the  modern  lamp  and  Fig.  543  a side  elevation.  The 
change  is  as  if  the  old  magnet  d (Fig.  53^)  been  cut  off  in  front  ^ ® pivot 
c,  and  the  shorter  piece  brought  round  to  the  side  of  it,  so  that  both  the  \vorking 
ends  face  in  the  same  direction,  e e ' (Fig.  542)  are  these  two  limbs,  and  c c is 
the  axis  about  which  they  are  pivoted,  the  heavy  block  d being  a counter- 
balance weight.  The  method  of  working  is  the  same  as  in  the  older  form  of 
lamps.  A is  the  fixed  armature  (replacing  h of  Fig.  538),  towards  which  the 
longer  limb  of  the  magnet  moves  when  the  current  is  switched  on.  Meanwhde 
the  shorter  limb  has  gripped  the  flat  wrought-iron  rod  R which  is  attached  to  the 
upper  carbon-holder,  and  which  is  therefore  lifted  as  the  upper  limb  moves 
forward,  thus  striking  the  arc.  b is  the  magnetic  brake  block,  which,  being 
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attached  by  the  pole  p,  presses  a brass  spring  lightly  against  it,  the  pressure  being 
diminished  if  the  current  falls  off.  s is  the  stop  which  determines  the  lowest 
position  to  which  the  swinging  magnet  is  allowed  to  fall.  As  in  the  older  form, 
the  two  carbon-holders  are  connected  by  strings  and  pulleys,  so  that  the  light  is 
maintained  at  a fixed  focus. 

The  Crompton-Pochin  Lamp. — In  the  majority  of  arc  lamps  the 
regulating  mechanism  is  designed  with  the  view  of  keeping  the  potential 
difference  between  the  carbons  constant.  This,  however,  is  not  sufficient  to 
ensure  that  the  light  shall  remain  of  fairly  constant  intensity,  since  an  increase  of 


544- — Brake  Action  of  Crompton-Pochin  Lamp. 


current  will  lead  to  an  increased  consumption  of  energy  in  the  arc,  and  con- 
sequent y to  a variation  in  the  amount  of  light.  Thus,  without  any  flickering,  the 
light  may  change  with  a slow  variation  through  a wide  range  of  values. 

Messrs.  Crompton  and  Co.  have  recently  directed  their  attention  to  the  pro- 
uc  ion  0 an  arc  lamp  so  regulated  that  the  watts  (or  power)  consumed  in  the 
nowir  TK  maintained  constant ; thus  leading  to  great  steadiness  of  candle 
r^esembles  th  ‘ of  their  efforts  is  the  Crompton-Pochin  Lamp,  which 

ingi?oa  r of  S34)>  except  that  it  only  carries  a 

tain  thfl iaht  r connected  by  cords  and  pulleys  as  to  main- 

disposition  of  thP  ’"‘“P  the 

Thfs  part  of  the  which  control  the  action  of  the  brake  wheel. 

and  B 544-  The  series  and  shunt  electro- 

tnets  and  b,  instead  of  being  m line  with  one  another  and  acting  on  a single 
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core,  are  separated,  and  act  upon  two  cores  c and  d,  the  ends  of  which  are 
joined  to  a rocking  lever  e e',  as  in  the  Brockie-Pell  lamp.  The  brake  wheel  w, 
sleeve  f,  and  brake  block,  are  the  same  as  in  the  Crompton-Crabb  lamp,  the  last 
being  placed  on  the  side  of  the  fulcrum  nearest  to  the  main  circuit  magnet  a. 
The  pin  h which  supports  the  sleeve  f,  so  as  to  release  the  brake  wheel  when  c 
is  at  its  lowest  position,  rests  on  a part  of  the  lever  between  the  brake  block  and 
the  fulcrum.  The  other  details  of  the  working  will  be  easily  followed  from  the 
description  of  the  Crompton-Crabb  lamp. 

Experiments,  in  which  recording  instruments  were  used  to  measure  the 
power  consumed  by  the  arc,  showed  that  both  the  volts  and  the  watts  remained 

constant  within  2 or  3 per  cent,  for  several  hours  at  a 
time.  Using  carbons  14  millimetres  in  diameter  for 
positives,  and  9 millimetres  in  diameter  for  negatives, 
a light  of  1,200  candles  was  obtained  30°  from  the  hori- 
zontal plane  of  the  arc,  with  a current  of  6 g amperes  at  a 
pressure  of  39  volts,  or  with  270  watts,  thus  giving  3,320 
candles  per  horse-power  consumed.  By  an  ingenious 
device  the  act  of  lowering  the  lamp  cuts  it  out  of  circuit, 
thus  making  it  safe  to  handle.  1 

Tschikoleff’s  Lamp. — We  will  now  consider  lamps 
in  which  the  regulation  is  brought  about  by  an  electro- 
motor. For  this  purpose  we  first  select  the  differential 
lamp  by  Tschikoleff.  Although  the  lamp  has  not  been 
very  much  used,  it  may  be  considered  as  the  first  so- 
called  differential  lamp.  It  is  represented  in  Fig.  545. 
E represents  an  electro-magnet  with  thick  wire  coils,  e^ 
an  electro-magnet  with  coils  of  thin  wire : m m are  the 
semicircular  poles  of  the  two  magnets,  which  surround 
two-thirds  of  the  circumference  of  the  Gramme  ring  r r. 
The  contact  brushes  are  fastened  to  c The  axis  of 
the  Gramme  ring  is  continued  upwards  from  So  to  Sj,  the 


545. — TschikolefTs 
Lamp. 


thread  of  the  screw  turns  from  in  one  direction 


to  s,  in  the  other  to  So, 


and  the  carbon-holders  form  the  female  screws. 
When  the  lamp  is  to  be  used  with  alternating  currents,  the  distance  between 
the  threads  in  both  screws  is  the  same.  Screw  S3  serves  to  raise  or  lower  the 
arc,  which  is  of  importance  when  a reflector  is  to  be  used.  The  current 
enters  the  lamp  at  l ; two  ways  are  then  open  to  it ; one  portion  flows  through 
the  carbons  and  thick  wire  coils  of  the  magnet  e,  and  leaves  the  lamp  at  ; a 
second  portion  flows  from  l through  the  thin  wire  coils  of  the  magnet  e^,  and 
leaves  the  lamp  at  l^.  The  current  which  flows  through  the  arc  has  open  to  it, 
besides  the  way  through  e,  another  through  c and  the  brush  of  the  Gramme  ring 
through  Cy  and  back  to  l^,  so  that  there  are  three  branch  currents  flowing  through 
the  lamp.  When  the  lamp  is  inserted  in  a circuit,  the  greater  portion  of  the 
current  will  flow  through  the  carbons  touching  each  other,  then  through  part  of  the 
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coils  of  the  electro-magnet  e,  and  so  through  a portion  of  the  Gramme  ring.  The 
coil  E^  on  account  of  its  high  resistance  will  have  an  almost  imperceptible  current 
flowing  through  it.  In  the  Gramme  ring  poles  are  formed,  the  connecting  line  of 
which  stands  perpendicular  to  the  connecting  line  of  the  two  magnet  poles  m m. 
The  strongly  magnetised  pole  m will  cause  the  ring  to  turn  so  that  the  carbons 
are  separated  from  each  other.  As  the  carbons  are  consumed  the  resistance 
increases,  and  therefore  the  current  diminishes.  The  current  increases  propor- 
tionately in  the  branch  circuit  to  which  the  electro-magnet  e^,  with  the  fine  coils, 
belongs,  until  the  pole  of  the  latter  becomes  more  powerful  than  that  of  the 
former,  and  causes  the  Gramme  ring  to  turn  in  the  opposite  direction  in  other 
words,  the  carbons  are  brought  near  each  other.  The  Gramme  ring,  and  with  it 
the  distance  between  the  carbons,  is  dependent  upon  the  differential  effect  of  the 
magnetic  forces  of  the  two  electric  magnets  e and  e^.  To  move  the  Gramme  ring, 
one  of  the  magnetic  poles  must  have  attained  a certain  strength,  that  is  to  say,  a 
certain  power  is  necessary  to  turn  the  ring,  because  the  friction  which  takes  place 
in  the  screw  has  to  be  overcome  by  the  attractive  force  of  the  magnet.  The 
length  of  the  voltaic  arc,  therefore,  does  not  remain  absolutely  constant. 

Maquaire’s  “Alpha”  Lamp. — A very  successful  motor  lamp  is  the 
so-called  “ Alpha  ” lamp  of  Maquaire,  which  is  manufactured  by  the  Planet 
Electrical  Engineering  Company.  The  armature  of  the  motor  is  mounted  on  a 
vertical  shaft,  as  in  the  lamp  just  described.  This  shaft,  however,  instead  of 
moving  the  carbons  by  means  of  an  endless  screw  working  through  nuts 
attached  to  the  carbon-holders,  carries  a short  worm  which  gears  into  a large 
wheel.  The  axle  of  this  wheel  carries  a pinion  which  gears  into  a rack  cut 
on  the  upper  carbon-holder.  If,  therefore,  the  shaft  turns  in  one  direction,  the 
carbon-holder  is  lifted,  and  the  carbons  are  separated,  whereas  if  it  turns  in  the 
opposite  direction  they  are  made  to  approach  one  another ; also  several  rotations 
of  the  armature  produce  only  a slight  motion  of  the  upper  carbon.  The  vertical 
armature  shaft  is  carried  at  its  lower  end  by  a pivot  in  the  movable  V-shaped 
yoke  X (Fig.  546),  which  forms  part  of  the  lower  magnetic  circuit  of  the  field- 
magnets  of  the  motor.  When  these  magnets  are  excited  the  V-shaped  piece  is 
drawn  in,  slightly  moving  the  spindle  of  the  armature,  and  bringing  the  worm 
into  gear  with  the  wheel.  On  the  cessation  of  the  current  the  spring  y presses 
the  V-shaped  piece  back,  the  worm  is  thrown  out  of  gear,  and  the  upper  carbon 
is  free  to  descend  by  its  own  weight  until  it  meets  the  lower. 

To  understand  how  the  motor  is  used  for  both  raising  and  lowering  the 
upper  carbon,  we  must  refer  to  the  arrangement  of  the  circuits  which  is 
represented  diagrammatically  in  Fig.  546.  The  current  entering  at  b passes 
round  the  field-magnet  limbs  h h',  as  shown  by  the  continuous  line  to  c,  thence 
It  again  passes  round  both  limbs  by  the  dotted  line  path  to  d,  it  then  passes 
through  the  carbons  a ' a to  the  negative  terminal.  One  brush  of  the  armature 
of  the  motor  is  joined  to  c,  and  the  other  brush  to  a flexible  tongue  m which 
moves  between  two  contact  points  n and  o.  When  m is  against  n the  armature 
IS  a shunt  on  the  part  of  the  field-magnet  circuit  between  b and  c,  whilst  if  it  is 
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against  o the  armature  is  a shunt  to  the  coils  between  c and  d.  The  former  is 
the  position  for  starting  the  lamp,  and  when  the  current  is  switched  on,  the 
carbons  being  already  in  contact,  the  armature  rotates  so  as  to  separate  them  and 
strike  the  arc. 

As  the  arc  increases  in  length  the  P.  d.  at  the  ends  of  the  circuit  of  the 

electro-magnet  i,  which  is  a 
shunt  on  the  arc  a ' a,  in- 
creases, and  the  armature  j of 
the  magnet  is  drawn  down, 
breaking  the  contact  m n,  and 
stopping  the  motor.  When 
the  arc  gets  still  longer  j is 
drawn  down  farther  until  m 
touches  o,  and  the  motor 
again  moves,  but  now  in  the 
direction  opposite  to  its  for- 
mer motion  since  the  current 
in  its  armature  is  reversed. 
The  upper  carbon  is  therefore 
now  moved  downwards,  and 
the  length  of  the  arc  shortened. 
In  this  way  a very  steady  arc 
is  maintained. 

Should  the  length  of  the 
arc  from  any  cause  become 
much  too  great,  the  magnet 
I will  draw  the  armature  j still 
lower,  and  contact  will  be 
made  between  p and  q by  the 
pressure  of  the  insulating  stud 
o'.  This  contact  will  short- 
circuit  the  arc  through  the 
coil  i',  which  will  increase  the 
pull  on  the  armature  j,  and 
ensure  a firm  contact  between 
p and  Q. 

The  potential  difference  between  the  armature  brushes  in  ordinary  working 
is  2 volts,  and  between  b and  d is  4 volts.  The  lamps  burn  with  great 
steadiness,  and  can  be  run  two  in  series  on  a loo-volt  incandescent  circuit. 

In  the  foregoing  pages  we  are  far  from  having  exhausted  the  subject  of  arc 
lamps,  but  the  descriptions  given  will  probably  enable  our  readers  to  grasp  the 
general  principles  involved  in  the  design  of  a good  lamp  either  for  series  or 
parallel  use.  The  conditions  to  be  fulfilled  are  both  mechanically  and  electrically 
. simple,  and  it  is  therefore  not  surprising  that,  during  the  developments  of  the 


Fig.  S4®' — Circuits  of  the  Maquaire  Lamp. 
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last  twelve  years,  very  many  arc  lamps  have  been  brought  out  and  patented. 
A sufficient  number  of  these  do  their  work  so  well,  that  it  would  be  invidious  to 
extol  one  at  the  expense  of  the  others. 

ELECTRIC  CANDLES. 

Here  the  size  of  the  voltaic  arc  is  not  made  constant  by  any  mechanism,  but 
is  fixed  once  for  all  by  construction.  The  parallel  position  of  the  carbons 
and  their  gradual  consumption  gave  rise  to  the  name  “ electric  candles.”  The 
first  commercially  practical  candle  was  con- 
structed by  Paul  Jablochkoff  in  the  year  1876. 

Werdermann  was,  however,  his  predecessor; 
the  invention  of  the  latter,  although  he  did 
not  intend  it  for  electric  lighting,  but  to  serve 
as  a kind  of  borer  for  rocks,  was  constructed 
on  the  same  principle.  Werdermann  allowed 
an  arc  to  form  between  two  carbons  parallel 
to  each  other,  but  separated  from  each  other 
by  a layer  of  air ; and  caused  a current  of  air 
or  steam  to  pass  between  them.  The  effect 
was  similar  to  that  produced  by  a blow-pipe, 
but  of  such  high  temperature  that  in  a few 
hours  the  hardest  granite  was  fused.  The 
air  pipe  here  took  the  place  of  an  electro- 
magnet. Werdermann  not  only  prepared  the 
road  for  the  Jablochkoff  and  other  candles, 
but  also  for  Jamin,  as  we  shall  see  later  on. 

The  Jablochkoff  Candle. — Thecandle 
invented  by  J ablochkoff  consists  of  two  parallel 
carbon  rods  a b (Fig.  547),  separated  from 
each  other  by  a layer  of  plaster  of  Paris  ; ' 
the  lower  portions  of  the  carbons  have  short 
brass  tubes  fastened  to  a plate  h,  against  which  two  metal  springs  e and  g press, 
and  the  current  is  conducted  through  the  latter  into  the  candle.  A thin  plate  of 
graphite  c is  laid  across  the  two  carbon  points,  and  is  held  in  position  by  a paper 
band  d,  which  serves  also  to  light  the  candle.  When  the  candle  is  inserted  in 
the  circuit  a current  passes  from  one  of  the  carbon  rods  through  the  connecting 
piece  at  the  top  to  the  second  carbon  rod,  and  then  back  again  to  the  source  of 
electricity.  The  connecting  piece  becomes  heated,  and  after  it  has  been  vola- 
tilised helps  to  form  the  arc  between  the  two  carbon  rods.  As  the  carbons  are 
consumed  the  insulating  layer  is  made  to  fuse  and  to  volatilise.  Since  the 
positive  carbon  is  consumed  twice  as  quickly  as  the  negative,  it  must  have  twice 
t e section  of  the  negative.  This  proportion  is,  however,  not  exact,  and  as 
a can  es  are  not  consumed  at  exactly  the  same  rate,  alternating  currents  have 
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to  be  used.  A candle,  the  carbon  rods  of  which  have  a cross  section  of  o'oo6 
8quare  inches,  and  a length  of  from  8‘8  to  9 inches,  burns  about  hours, 
producing  a light  of  1 00-candle  power.  Several  candles  can  be  inserted  in  one 
circuit,  the  light  intensity  of  the  sum  of  the  candles  being  greater  than  that  of  a 
correspondingly  large  single  candle.  The  reason  of  this  is,  that  not  only  is  the 


Fig.  548. — Automatic  Inserter. 


549- — Automatic  Inserter. 


voltaic  arc  between  the  two  carbons  luminous,  but  so  also  is  the  volatilising  sub- 
stance between  the  carbons.  When  from  two  to  five  candles  are  inserted  in  one 
circuit,  by  turning  a commutator  one  candle  after  another  may  be  lighted.  This 
arrangement  is  very  inconvenient,  and  if  one  of  the  candles  should  go  out  from 
some  cause,  all  the  other  candles  in  the  same  circuit  would  go  out  too,  and 
could  only  be  relighted  by  turning  their  respective  commutators.  To  prevent 
this,  the  mechanical  contrivances  shown  in  Figs.  548  and  549  have  been  de- 
vised. Upon  a base  plate  of  transparent  material  four  pairs  of  clamps  are 
arranged  to  receive  the  four  candles  of  the  lamp  and  conduct  the  current ; the 
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inner  four  have  thermostatic  pieces  of  steel  and  copper  attached,  which  become 
strongly  heated.  When  the  candle  has  burned  down  these  bend,  owing  to  the 
fact  that  the  two  metals  have  different  coefficients  of  expansion.  This  brings  the 
strip  of  two  metals  into  contact  with  the  opposite  metal  pin,  forcing  the  current 
to  flow  through  the  candles  atid  through  the  coils  of  an  electro-magnet,  as 
shown  in  Fig.  549.  The  latter  attracts  its  armature,  which  causes  a toothed 
shaft  to  turn  by  means  of  a catch  and  spur  wheel  connected  with  the  armature. 
Underneath  this  shaft  is  placed  a box  of  gutta-percha,  divided  into  as  many 


Fig.  550 — Morin’s  Candle. 


Fig.  55c — Lamp  with  Four  Candles. 


portions  as  there  are  candles.  These  portions  are  filled  with  mercury,  and 
connected  with  the  several  candles.  The  electric  current  enters  the  shaft  and 
flows  through  the  comb  of  the  shaft,  dipping  into  the  mercury,  then  through 
the  candle  connected  with  the  mercury,  and  back  again  to  the  machine.  The 
turning  of  the  shaft  causes  the  immersion  of  the  next  tooth  and  the  insertion  of 
another  candle.  Meanwhile  the  metal  strip  of  the  candle  that  has  been  con- 
sumed has  cooled,  and  contact  is  broken,  so  that  the  current  ceases  in  the 
magnet,  the  armature  falls  off,  and  the  catch  prevents  the  moving  of  the  cog 
wheel.  Although  this  contrivance  prevents  the  extinction  of  the  lamp,  it  does 
not  ascertain  whether  the  candles  have  cea.sed  burning. 

Instead  of  using  solid  insulating  substances  between  the  carbons,  air  has 
been  used,  and  the  candles  have  been  made  movable.  Such  were  the  candles 
by  Wilde,  Morin,  Jamin,  Siemens  and  Halske,  etc. 

Morin  s Electric  Candle.  Fig.  550  shows  an  apparatus  made  by  Morin ; 

s* 
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the  carbon  c is  movable,  c'  is  fixed,  a is  movable  about  the  axis  x inside  the  sole- 
noid s.  The  excentric  e is  fastened  upon  the  axis  x,  which  slides  with  its  circum- 
ference against  the  carbon-holder  of  c,  which  is  held  by  the  spring  plate  / and 
pressed  against  e.  As  long  as  no  current  passes  through  the  lamp  the  two  carbons 
touch  each  other ; when,  however,  the  current  enters,  a moves  with  the  excentric 
and  separates  the  carbons,  thus  forming  the  voltaic  arc  ; should  the  candle  go  out 

from  any  cause  it  turns  the  excentric  in 
such  a manner  that  the  two  candles 
again  touch  each  other,  again  closing 
the  circuit.  If  the  lamp  has  to  burn  for 
long,  more  than  one  candle  must  be 
provided.  Fig.  551  represents  a lamp 
with  four  candles.  Here  the  solenoid 
is  horizontally  arranged  and  a turns 
about  a vertical  axis  ; above  a on  the 
same  axis  a disc  is  fastened  horizon- 
tally, which  has  four  excentrics  corre- 
sponding to  the  several  movable  car- 
bons c.  To  bind  the  carbon  to  its 
holder  zinc  wire  is  used,  which  melts 
when  the  candle  has  reached  z.  In 
order  to  break  the  circuit  when  the 
candle  has  been  consumed,  the  spring  r 
pushes  the  carbon  outwards  so  that  it 
falls  against  the  wire  loop  s ; k now 
turns,  and  the  next  excentric  is  brought 
into  action  and  causes  the  following 
couple  of  carbons  to  touch  one  another. 

Jamin’s  Electric  Candle. — 
Jamin  also  uses  carbon  rods  insulated 
by  air  from  each  other  ; but  he  further 
surrounds  the  candles  of  his  lamp  with 
wire  H (Fig.  552),  through  which  a current  is  sent  to  force  the  voltaic  arc  towards 
the  ends  of  the  candles,  where  it  is  maintained.  The  carbons  a a'  a"  are  fixed, 
B b'  b"  are  fastened  to  the  cross  piece  c c',  which  is  connected  with  the  iron 
plate  E F by  means  of  the  rod  d e ; opposite  to  c c'  is  the  soft  iron  piece  G,  which 
becomes  magnetised  whenever  a current  circulates  through  the  so-called  reaction 
coil  H H.  If  G is  demagnetised  (that  is,  if  the  lamp  has  no  current  going  through 
it)  the  plate  e f assumes  its  lowest  position  and  presses  with  its  weight  against 
the  carbons  of  the  several  candles,  or,  more  correctly,  presses  the  two  longest 
carbons  into  contact  with  each  other.  When  a current  is  sent  through  the  wires 
K L,  it  flows  through  the  reaction  coil,  and  then  through  the  carbons  that  touch 
each  other ; G becomes  magnetised,  attracts  e f,  separating  the  carbons,  and 
forming  the  arc  in  the  couple  which  touched  each  other.  When  the  current  is 
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interrupted  e f again  falls  off  from  g,  and  causes  the  two  carbons  to  touch  each 
other  once  more,  so  that  the  arc  will  be  formed  between  them  when  the  current 
is  again  passed  through  the  lamp.  If  a candle  is  totally  consumed  the  next 
one  is  automatically  inserted  in  the  following  manner  : A zinc  wire  which  is 
movable  is  fastened  to  v against  the  fixed  carbon,  and  is  pressed  by  the  spring 
R.  {See  the  cross  section.)  If  the  candle  has  burned  down  to  the  zinc  wire  the 
latter  melts  off,  and  the  spring  r presses  against  o,  giving  the  carbon  a different 
direction  and  causing  the  candle  to  go  out.  The  next  candle  is  now  made  to  bum 
in  the  way  already  described.  Jamin’s  candles,  in  spite  of  their  ingenious  arrange- 
ment, are  commercially  of  little  value.  The  candles  have  to  be  used  with 
alternating  currents,  and  require  some  kind  of  regulating  apparatus,  nor  can  their 
arrangement  be  called  simple  as  compared  with  regulator  lamps ; besides,  the  light 
obtained  from  the  arc  of  a candle  is  considerably  less  than  that  obtained  by  a 
regulator  lamp ; the  proportion  according  to  Tresca  is  as  3 to  7. 


LAMPS  WITH  CARBONS  INCLINED  TOWARDS  EACH  OTHER. 

William  Edvyards  Staite  took  out  patents  for  several  lamps  (1846)  having 
carbons  inclined  at  an  angle,  one  of  which  is  shown  in  Fig.  553.  Two  carbon 
rods  are  so  arranged  as  to  meet  a bar  of 
some  substance  capable  of  resisting  the  high 
temperature  of  the  arc  without  altering  the 
angle.  Stake’s  lamp  has  been  modified  by 
Gerard,  Lescuyer,  Hedges,  Rapieff,  Clerc, 
and  others. 

RapiefTs  Lamp. — Fig.  554  represents 
a lamp  by  Rapieff.  The  two  rods  s upon 
which  the  carbon-holders  d and  d'  are  ar- 
ranged are  fastened  to  a base  plate,  and 
each  carbon-holder  has  two  carbons  a d and 
b b',  forming  acute  angles  with  each  other, 
which  are  kept  in  this  position  by  means  of 
copper  pulleys.  The  ends  of  the  carbon  remote 
from  the  arc  have  strings  fastened  to  them 
which  are  connected  with  a counter-weight 
w.  The  carbon-holder  d and  the  rod  s'  are 
insulated  from  the  remaining  portions  of  the 

d'  IS  movable  about  the  hinge  g,  but  the  carbon-holder  d is  fixed. 
The  screw  h serves  to  raise  or  lower  the  voltaic  arc.  The  carbon  couples 
are  independent  of  each  other ; one  couple  may  be  consumed  more  quickly 
than  the  other,  yet  the  carbons  will  advance  in  such  a manner  that  the  two 
couples  meet  at  one  point,  an  arrangement  which  has  the  advantage  of 
a owing  continuous  currents  to  be  used.  When  the  lamp  is  inserted  in  the 
circuit  the  current  passes  through  an  electro-magnet  placed  at  the  foot  of 


Fig-  553- — Staite’s  Lamo. 
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the  lamp ; the  electro  attracts  its  armature,  pulling  down  a rod  going  through 
S,  and  thus  forming  the  arc.  When  the  lamp  goes  out  the  current  through  the 
magnet  ceases,  and  the  carbons  approach  each  other  again.  In  order  that  when 
one  lamp  goes  out  all  the  lamps  in  the  same  circuit  shall  not  be  extinguished, 


Fig.  554. — RapiefTs  Lamp.  Fig.  555. — Gerard’s  Lamp. 

the  electro-magnet  is  so  arranged  that  when  no  current  passes  through  its  coils 
to  the  lamp,  it  forms  a branch  circuit  where  a resistance  corresponding  to  the 
resistance  of  the  lamp  is  inserted. 

Gdrard’s  Lamp. — Gdrard  also  uses  tv.-o  carbon  couples  in  the  construc- 
tion of  his  lamp;  the  carbons  are  so  arranged  that  they  form  the  edges  of  a 
pyramid  (Fig.  555).  They  are  placed  in  tubes,  and  the  current  is  conducted  by 
means  of  contact  rollers  fastened  near  the  points  of  the  carbons.  The  carbon 
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couple  to  the  left  of  the  figure  is  fastened  to  a base  plate,  while  the  other 
couple  (to  the  right  of  the  figure)  can  move  about  a joint.  An  electro-magnet 
is  placed  underneath  the  base  plate,  and  its  armature  is  fastened  to  the 
tubes  of  the  right  carbon  couple ; the  coils  of  the  magnet  are  inserted  in  a branch 
circuit.  Underneath  this  another  magnet,  the  armatures  of  which  are  bent  and 
directed  against  the  voltaic  arc,  is  arranged  and  inserted  in  the  main  circuit. 

Clerc’s  Soleil  Lamp. — The  lamp  constructed  by  Clerc  is  known  under 
the  name  of  the  Soleil  lamp.  One  of  the  earliest  models  is  shown  in  Fig.  556. 
Two  carbons  a and  B are  introduced  into  holes  drilled  in  a marble  block.  The 
block  is  carried  by  the  case  G G,  with  which  it  is  connected  by  means  of  screws. 
D D,  inside  the  case,  are  copper  wires,  which  serve  as  conductors  for  the  current 
and  also  hold  the  carbons.  The  lamp  is  inserted  in  the  circuit  by  means  of 


Fig.  556. — Soleil  Lamp. 


Fig.  557.^ — Street  and  Maquaire’s  Form  of  Soleil. 


■wires  L L,  and  is  lighted  by  the  help  of  a small  piece  of  carbon  r.  The  current 
enters  at  one  carbon,  flows  through  R and  leaves  the  lamp  through  the  second 
(^bon.  R becomes  heated  and  is  consumed,  thus  forming  the  arc ; at  the  same 
time  the  portion  of  the  marble  block  between  the  carbon  points  becomes 
luminous  and  increases  the  arc  light.  In  proportion  as  the  carbons  are  consumed 
they  sink  down  by  their  own  weight.  In  later  constructions  it  was  thought  more 
convenient  to  form  the  block  of  several  parts.  The  two  pieces  k k consist 
of  chalk,  D E of  granite,  and  m is  a piece  of  white  marble  \ the  several  parts 
are  held  in  position  by  means  of  a case  and  screws.  The  plan  has  this 
advantage,  that  when  the  marble  block  which  takes  part  in  the  production  of 
ahered  ^ useless,  it  may  be  replaced  without  having  the  other  portions 

This  somewhat  primitive  arrangement  has  been  gradually  modified.  The 
fom  given  to  it  by  the  engineers  Street  and  Maquaire  is  shown  in  Fig.  S57- 
he  prismatically-shaped  marble  block,  which  measures  only  1-2,  i-6,  and  2 
inches,  is  scooped  out  to  hold  the  carbons  b and  c of  about  oS  inch 
ickness.  A canal  of  0-2  inch  width  connects  the  scooped  openings  with 
each  other.  This  canal  is  funnel-shaped  on  one  side  a.  The  arc  is  formed 
in  the  funnel,  when  the  current  flows  from  b to  c through  the  narrow  channel ; 
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the  funnel  serves  at  the  same  time  as  a reflector.  The  carbon  c has  a bore 
through  its  whole  length  intended  for  a thin  carbon  pencil  r>_  the  lamp-lighter 
The  working  of  the  lamp  may  be  better  understood  with  the  help  of  Fig.  558. 


1^'g'  558-  — Mechanism  of  Street  and  Maquaire’s  Lamp. 


The  marble  block  is  enclosed  in  an  iron  box  a b,  and  at  its  sides  c d there 
are  tubes  intended  for  the  carbons.  Through  these  tubes  the  carbons  are 
placed  in  the  bell-shaped  cavities  of  the  marble  block.  The  carbons  are  pushed 

against  each  other  by  means 
of  the  spiral  springs  / 
turning  the  arms  of  the 
bent  lever  h h'  so  that  they 
press  against  the  free  ends 
of  the  carbons  and  tend 
to  push  them  towards  the 
middle  of  the  lamp.  The 
tubes  c and  d have  slits  in 
order  to  allow  of  the  for- 
ward motion  of  the  levers. 
The  arms  k k'  of  the  lever 
are  turned  by  the  springs 
f f,  so  that  they  come  in 
contact  with  vi  or  m'  as 
Fig-  559-— Soldi  Lamp.  soon  as  either  of  the  car- 

bons is  consumed,  and 

thereby  the  lamp  is  put  out  of  circuit.  The  lighting  is  brought  about  as 
follows:  The  thin  carbon  rod  d (Fig.  557)  is  fastened  to  a metal  rod  <?  (Fig. 
558)  which  is  clamped  by  means  of  the  screw  u to  the  iron  tube  r;  a little  weight 
p moves  the  rod  0,  with  its  carbon  rod  and  tube,  through  the  narrow  canal  of 
the  marble  block,  until  the  carbon  touches  the  carbon  b (Fig.  557).  The  tube 
r is  inside  another  tube,  which  has  at  e a solenoid,  through  the  coils  of  which 
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the  current  passes  before  it  passes  through  the  lamp.  The  metal  rod  o is  con- 
nected with  the  coils  of  the  solenoid  by  means  of  a branch  conductor  (at  screw 
u).  As  soon  as  the  current  flows  through  the  coils  of  e the  solenoid  attracts 
the  iron  tube,  moving  the  thin  carbon  away  from  the  carbon  of  the  lamp ; at 
tile  same  time  a current  passes  through  the  branch  circuit  to  the  rod  o,  to  the 
carbon  rod,  and  so  to  the  opposite  carbon  of  the  lamp,  thus  causing  a small 
voltaic  arc ; when  the  carbon  rod,  in  its  backward  motion,  has  entirely  entered 
the  hollow  lamp  carbon,  the  arc  is  produced  between  the  two  lamp  carbons. 
What  has  been  described  not  only  takes  place  at  the  lighting  of  the  lamp,  but 
also  when  it  goes  out. 

This  lamp  can  be  used  with  continuous  as  well  as  alternating  currents,  and 
produces  a very  steady  light.  Even  considerable  variations  of  current  do  not 
cause  extinction  of  the  lamp  ; the  white-hot  marble  conducts  the  current,  which 
must  either  be  very  weak  indeed,  or  interrupted  for  some  time,  to  cause  the 
lamp  to  go  out  altogether.  The  marble  block  lasts  at  least  fifteen  hours,  and 
the  carbons  are  consumed  at  the  rate  of  o-o8  inch  per  rod  an  hour.  The 
normal  length  of  the  carbons  is  4 inches,  but  longer  pieces  of  carbon  may 
also  be  used.  According  to  the  statements  made  by  the  engineers  of  the  com- 
pany, a lamp  of  855  standard  candles  requires  i|  h.p.  ; and  a lamp  of  1140 
standard  candles,  2 h.p.  The  price  of  the  lamp  is  sterling,  that  of  the  carbon 
2S.  6d.  per  yard ; lamp-lighter  carbon  yd.  per  yard,  and  that  of  the  marble 
block  yd.  Fig.  559  represents  a complete  lamp. 

Heinrichs’  Lamp, — The  lamp  by  Heinrichs  is  in  principle  the  same  as 
those  by  Rapieff,  Gerard,  and  others,  but  it  has  bent  carbons,  whereby  the  same 
length  is  made  to  last  for  a 
longer  period,  k k (Fig. 

560)  represents  the  posi- 
tive carbon  couple,  movable 
by  means  of  h h about  the 
points  .2;  in  the  plane  of 
the  carbons.  To  the  pivots 
X X are  fastened  toothed 
wheels  which  bring 

about  a uniform  motion  of 
the  carbons  k k,  maintain- 
ing the  point  of  contact  at 
the  same  place.  The  wheels 
rj  are  placed  inside  a 
frame  which  is  fastened  to 
s,  connected  with  the  longer 
arm  a of  a lever,  the  shorter 
arm  of  which  is  formed 
by  the  armature  of  the 

electro  - magnet  e.  The  Fig.  s6o.-Heinrichs’ Lamp. 
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negative  carbon  couple  moves  about  the  axis  x^x^.  The  wheelwork  of 
e negative  carbons  is  held  by  a larger  frame  r^,  which  is  insulated  and  fastened 
to  the  case  of  the  lamp.  The  coil  w w above  the  electro-magnet  is  automatically 
inserted  into  the  circuit  when  a lamp  is  extinguished,  and  compensates  for  the 
resistance  of  the  arc. 


CARBONS  FOR  ARC  LAMPS  AND  THEIR  PRODUCTION. 

These  various  lamps  can  only  give  satisfactory  results  when  the  carbons 
have  all  the  properties  ■ required.  Davy  used  rods  of  charcoal  for  his  first 
experiment,  but  soon  found  that  charcoal  was  not  hard  enough  for  purposes 
of  lighting  by  electricity.  Foucault  used  retort  coke,  but  even  this  substance 
did  not  answer,  owing  to  the  impurities  it  contained ; metal  particles  mixed 
wit  ^ the  carbon  particles  will  be  caused  to  glow,  melt,  and  then  evaporate, 
causing  the  light  to  be  coloured,  the  carbons  to  spurt,  etc.  etc.  It  was  therefore 
necessary  to  manufacture  carbons  specially  for  this  purpose.  Without  attempting 
to  give  a complete  list  of  those  who  have  done  much  towards  the  improvement 
of  lamp  carbons,  we  shall  name  a few. 

Jacquelain’s  Method  of  Preparing  Pure  Carbons.— Jacquelain 
prepared  artificial  retort  carbon,  free  from  metallic  impurities,  from  tar,  which  he 
allowed  to  decompose  in  strongly-heated  furnaces.  The  light  obtained  with 
those  carbons  was  25  per  cent,  higher  than  that  obtained  with  ordinary  retort 
carbon  • but  carbons  obtained  in  this  manner  are  too  expensive,  and  much 
labour  is  required  to  cut  the  very  hard  material  into  rods.  Jacquelain  has 
given  the  following  receipt  for  the  production  of  pure  carbons : Prismaticall)F 
shaped  coke  rods  are  made  white-hot,  and  first  exposed,  for  at  least  thirty 
hours,  to  a stream  of  chlorine,  then  to  the  vapours  of  heavy  coal-tar  ; in  order 
to  get  rid  of  silicic  acid  and  clay  matter,  the  carbons  are  treated  first  with  soda 
and  then  with  distilled  water ; hydrochloric  acid  is  used  to  get  rid  of  the  iron 
and  alkaline  earths.  The  carbons  are  then  allowed  to  remain  in  diluted  hydro- 
fluoric acid,  at  15°  to  25“  C.  (i  vol.  to  2 vols.).  contained  in  a leaden  trough, 
for  twenty-four  to  twenty-eight  hours,  and  are  finally  allowed  to  carbonise  from 
three  to  five  hours.  Carbons  that  are  thus  purified  give  a far  more  constant 
light  than  carbons  that  are  unpurified.  The  following  table  gives  (v)  the  losses 
of  the  carbons  in  ounces  during  twenty-four  hours,  and  the  light  intensity  (A) 
compared  with  that  of  the  standard  candle 


Graphite,  Alibert  8-64  ...  524 

„ treated  with  hydrofluoric  acid  S’lg  ...  1098 

Coke  ...  ...  ...  ...  ...  6'47  ...  683 

9t  tt  ,,  soda  ...  ...  9*^5  660 

II  M ,,  hydrofluoric  acid  7'i6  ...  815 


Carr^  s Mode  of  Making  Lamp  Carbons. — Carrd,  after  experi- 
menting for  a considerable  time,  took  out  a patent  (1876)  for  a process  of 
producing  artificial  lamp  carbons,  consisting  of  powdered  coke,  calcined  soot, 
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and  a specially  prepared  syrup  consisting  of  30  parts  of  cane  sugar,  and  12  parts 
of  gum ; 7 to  8 parts  of  this  syrup  are  mixed  with  5 parts  of  soot  and  1 5 of  coke. 
The  coke  used  has  to  be  of  best  quality,  well  powdered,  and  well  washed  with 
water  or  acids.  The  mixture  is  worked  into  a paste,  compressed,  and  then  put 
through  a mould  to  form  rods ; the  rods  thus  obtained  are  placed  in  crucibles 
and  exposed  to  a high  temperature  for  some  time ; after  this  they  are  boiled  for 
two  to  three  hours  in  very  concentrated  syrup  of  cane  or  caramel  sugar.  During 
the  process  the  carbons  are  cooled  several  times  so  as  to  allow  the  atmospheric 


pressure  to  press  the  syrup  well  into  all  the  pores  of  the  carbon.  The  rods  are 
now  well  washed  to  get  rid  of  the  syrup  sticking  to  the  surface,  and  then  again 
strongly  heated.  These  operations  must  be  repeated  until  the  carbons  have  the 
necessary  density. 

Napoli’s  Carbons. — Napoli  uses  for  his  carbon  rods  a specially-prepared 
carbon  made  by  dry  distillation  of  tar.  The  carbon  thus  obtained  is  ground 
to  powder  between  two  stones  by  adding  a certain  quantity  of  tar  the  whole 
is  made  into  a paste,  which  is  brought  into  moulds  (shown  in  Fig.  561)  con- 
sisting of  two  portions,  the  lower  of  which  is  bent  and  has  three  mouth-pieces ; 
the  bend  is  necessary  because,  owing  to  the  tenacity  of  the  mass,  th^  pressure 
would  not  otherwise  be  conveyed  uniformly,  and  the  product  would  not  be 
homogeneous.  This  cylinder  is  surrounded  by  a steam  pipe  for  the  purpose  ol 
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maintaining  the  mass  pliable.  The  press  is  worked  by  a hydraulic  engina 
The  carbons  thus  obtained  are  gradually  brought  to  a red  heat  so  as  to  decom- 
pose any  tar  still  present : the  temperature  has  to  be  gradually  raised  in  order 
to  give  time  for  the  gases  to  escape.  The  carbons,  after  being  allowed  to  cool, 
are  again  heated  to  a higher  temperature.  Carbons  thus  obtained  have  a 
greyish  or  steel  colour,  and  are  sufficiently  hard  and  dense.  3 inches  of 
these  carbons  are  used  by  a lamp  during  one  hour,  whilst  10  inches  of  Carry’s 
carbons  are  needed.  To  give  still  greater  density  to  the  carbons  they  are  brought 
into  a cylinder  (Fig.  562)  which  is  surrounded  by  a steam  jacket;  the  cylinder 
containing  the  carbons  is  then  exhausted,  and  the  fluid  is  allowed  to  enter  the 
cylinder  by  means  of  a cock  at  the  bottom  ; the  latter  is  then  closed  and  a cock 
at  the  top  opened,  which  admits  steam  from  the  boiler  to  press  the  liquid  into 
the  pores  of  the  carbon.  The  liquid  is  allowed  to  flow  off,  and  steam  sent 
through  the  cylinder  to  cleanse  the  carbon  of  any  fluid  still  adhering  to  its 
surface.  The  carbons  are  finally  heated. 

When  an  arc  is  produced  between  two  carbons,  no  matter  how  they  may  be 
orepared,  not  only  are  the  carbons  heated  at  the  points,  but  also  to  a length  of 
from  2-5  to  3 inches  from  the  point.  As  this  involves  a loss  of  light,  an 
attempt  has  been  made  to  prevent  it  by  coating  the  carbons  with  a thin  metallic 
layer.  Experiments  made  by  Reynier  in  the  laboratories  of  Sautter,  Lemonnier 
et  Cie.,  with  Serrin  and  Carre  carbons,  show  that  pointing  of  free  carbons  takes 
place  more  easily  than  that  of  metallised  carbons,  and  that  the  duration  of 
burning  is  longer  of  carbons  coated  with  copper  than  of  those  treated  with  nickel. 

DATA  RESPECTING  THE  ELECTRIC  LIGHT. 

Kinds  and  Positions  of  Lamps  for  different  Purposes. — Lamps 
must  be  adapted  to  the  purposes  for  which  they  are  intended.  For  instance, 
a printing  or  weaving  room  ought  to  have  lamps  which  will  give  a steady  white 
light ; a photographic  studio  ought  to  have  a light  rich  in  violet  rays  ; a picture 
gallery,  a soft  yellowish  light,  etc.  etc.  The  height  of  suspension  and  the  distri- 
bution of  the  lamps  depend  upon  the  objects  to  be  lighted ; calculations  and 
experiments  have  shown  that  the  most  favourable  height  for  a lamp  would 
be  that  which  is  about  07  or  o‘66  of  the  radius  of  the  area  to  be  lighted; 
should  the  nature  of  the  locality  to  be  lighted  make  this  impossible,  it  is  best 
to  throw  the  light  against  a white  ceiling  and  have  it  reflected.  One  lamp  hung 
at  a height  of  07  of  the  radius  of  the  circle  to  be  lighted,  and  having  a light 
intensity  equal  to  450  normal  candles,  will  be  sufficient  for  an  area  of  2,000 
square  yards,  a station  hall  of  1,400  square  yards,  a foundry  of  500  to  600 
square  yards,  weaving  factory,  etc.,  of  200  square  yards,  printing  room,  etc, 
of  150  to  250  square  yards.  These  and  other  special  applications  of  the  electric 
light  will  be  more  fully  referred  to  in  the  next  section. 

The  globes  which  as  a rule  cover  the  lamps  are  not  only  used  for  protec- 
tion, but  also  to  prevent  the  casting  of  intense  shadows.  If  opal  or  translucent 
glass  globes  are  used,  they  become  as  it  were  sources  of  light,  the  surfaces  of 
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which  compared  to  that  of  the  arc  are  very  large,  and  therefore  incapable  of 
casting  shadovvs.  By  using  these  glass  shades  a certain  percentage  of  light  inten- 
sity is  lost,  which  varies  from  15  to  30  per  cent,  according  to  the  kind  of  glass 
of  which  the  globe  is  made.  Certain  kinds  of  milk  glass  may  cause  a loss 
of  as  much  as  60  per  cent.,  and  for  this  reason  should  be  discarded.  An  electrolier 
for  glow  lights,  by  E.  Palme,  SleinschOnan,  Bohemia,  is  represented  in  Fig.  563. 

Standard  Measures  of  Intensity — To  estimate  the  value  of  the  lamps 
of  an  electric  installation  we  must  know  their  light  intensity,  but  unfortunately 
no  absolute  unit  has  been  as  yet  agreed  upon.  In  France,  for  instance,  as  was 
pointed  out  on  page  232,  the  flame  of  a Carcel  burner  is  taken  for  the  standard, 
this  flame  being  i-6  inches  in  height,  obtained  by  a wick  of  1-2  inches  diameter, 
consuming  1-48  ounces  of  purified  rape  oil  per  hour.  In  England  lamps  are 
measured  by  spermaceti  candles  giving  a flame  i-8  inches  in  height,  and  burning 
120  grains  per  hour.  In  Germany  paraffin  candles  are  used,  o-8  inch  in  diameter, 
producing  a flame  2 inches  in  height.  The  wick  of  this  candle  consists  of  24 
cotton  threads,  and  weighs  dry  10-2  grains  per  yard.  The  long  flame  is, 
however,  unsteady,  and  this  standard  is  therefore  now  disregarded,  and  most 
cities  of  Germany,  in  their  contracts  with  gas  companies,  adopt  special  standards. 
The  Munich  stearine  candle  consumes  157-4  to  163-5  grains  of  stearin  per  hour, 
producing  a flame  of  2-1  inches.  The  candle  is  made  from  stearin,  which  con- 
tains from  76  to  76-6  per  cent,  of  carbon.  The  following  table  shows  the 
numerical  relation  between  these  units: 


Carcel  burner. 

Spermaceti  candle. 

German  Union  candle. 

Munich  candle. 

i-o 

9'5 

7-607 

6-743 

o-ios 

i-o 

o'Soi 

0-710 

0-132 

1-249 

I 0 

0-887 

0-148 

1-409 

1-128 

10 

As  these  units,  owing  to  their  complicated  composition,  etc.,  can  give  but 
approximate  results,  new  light  units  have  been  proposed  by  Violle,  Schwendler, 
Draper,  and  others.  The  light  unit  by  Hefner- Altenek  consists  of  a free  flame, 
which  rises  from  the  cross  section  of  a massive  wick  saturated  with  amylacetate, 
which  fills  a circular  German  silver  tube,  0-315  inch  inner,  and  0-323  inch  outer 
diameter,  by  one  inch  in  height ; the  height  of  the  flame  from  the  wire  tube 
measures  1-6  inches. 

It  has  been  pointed  out  on  page  232  that,  as  regards  England,  a sperm 
candle,  one  of  six  to  the  pound,  consuming  120  grains  of  spermaceti  an  hour,  is 
the  unit  of  light  named  in  all  Acts  of  Parliament  which  prescribe  the  quality  of 
coal  gas  to  be  supplied  by  gas  companies.  There  is,  however,  a considerable 
variation  in  the  amount  of  light  given  by  different  standard  candles,  and  even  by 
the  same  candles  at  different  times.  In  1879  the  Board  of  Trade  appointed  a 
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committee  to  inquire  into  and  report  to  them  upon  the  relative  merits  for 
measuring  the  light  given  by  coal  gas  of  the  standard  candle  and  of  some  other 
standards  which  had  been  proposed.  The  report  of  this  comrnittee,  presented 
in  August,  1881,  states  that : “ Not  only  do  sperm  candles,  as  at  present  manu- 
factured in  accordance  with  the  Parliamentary  definition,  exhibit  intrinsic 
differences  which  unfit  them  for  use  as  a standard,  but  the  method  of  using 
them  permits  of  variations  which  introduce  serious  errors  into  this  mode  of 
testing  the  illuminating  power  of  coal  gas.  For  these  reasons  we  consider  the 
sperm  candle,  both  from  the  uncertainty  attaching  to  the  material  and  manner  of 
manufacture,  and  from  its  liability  to  variations  in  mode  of  use,  to  be  so  un- 
trustworthy as  a standard  of  light  as  to  render  the  introduction  of  a more  trust- 
worthy standard  of  essential  importance.”  The  committee  conclude  by  recom- 
mending that  for  the  determination  of  the  illuminating  power  of  coal  gas  the  use 
of  the  sperm  candle  should  be  discontinued,  but  no  other  standard  has  yet  been 
legalised.  The  “ pentane  ” burner,  devised  by  A.  Vernon  Harcourt,  has  been 
largely  used  in  the  experiments  on  lighthouse  illumination.  “ Pentane  ” is  a gas 
of  definite  composition,*  burning  with  a uniform  but  somewhat  feeble  luminosity, 
and  its  flame  is  used  as  the  standard.  The  gas  is  burned  in  a narrow,  slender 
jet,  the  absolute  luminosity  of  which  increases  as  the  height  of  the  flame  is 
increased.  The  light  to  be  tested  and  the  light  of  the  pentane  jet  are  cast  upon 
a photometer,  and  the  jet  is  raised  or  lowered  until  the  necessary  equality  of 
illumination  is  obtained.  By  the  side  of  the  jet  there  is  a vertical  bar,  upon 
which  a horizontal- wire  of  platinum  slides  up  and  down.  When  the  test  is 
otherwise  complete,  the  horizontal  wire  is  brought  down  until  it  touches  the 
tip  of  the  pentane  flame,  the  height  of  which  can  thus  be  precisely  measured. 
The  precise  value  of  each  millimetre  of  the  pentane  flame  has  been  determined 
by  an  exhaustive  series  of  experiments,  with  the  result  that  the  determination  of 
its  height  allows  the  observer  at  once  to  read  off  the  luminosity  of  the  flame 
under  examination  from  previously-prepared  tables.  When  precautions  are  taken 
to  preserve  the  pentane  flame  from  being  affected  by  currents  of  air,  it  is  an  un- 
questionable improvement  upon  the  candle ; and  its  adoption,  if  legalised,  would 
go  far  towards  the  removal  of  some  of  the  remarkable  discrepancies  which  may 
be  found  in  the  statements  of  rival  companies  with  regard  to  the  advantages  of 
their  respective  fuels  or  methods  of  consuming  them. 

Modes  of  Determining  Light  Intensity.— To  determine  the  light 
intensity  of  any  electric  lamp,  that  is,  to  compare  it  with  a normal  flame,  the 
light  of  the  normal  candle  and  the  light  to  be  measured  are  both  allowed  to 
fall  upon  adjacent  portions  of  the  same  surface  or  of  similar  surfaces,  these 
being  usually  of  paper  rendered  translucent  by  oiling;  and  the  light  which 
renders  the  surface  more  luminous  is  removed  to  a greater  distance,  until  perfect 
equality  is  obtained.  -The  light  received  upon  a given  area  from  a given  source 
diminishes  as  the  square  of  the  distance  between  them  ; and  hence  the  squares 


* Pentane  is  a paraffin  containing  5 atoms  of  C to  12  of  H. 
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of  the  respective  distances,  when  the  illumination  from  the  two  sources  it  alike 
furnish  a measure  of  the  relative  value.  If  the  light  of  a standard  candle  at  one 
foot  from  the  testing  service  is  exactly  balanced  by  the  light  from  a given  lamp 
at  four  feet,  the  values  of  the  two  are  as  the  respective  squares  of  their  distances, 
or,  in  the  case  supposed,  as  sixteen  to  one.  The  lamp  would  be  said  to  be  of 
sixteen-candle  power.  Foucault’s  photometer  is  constructed  on  this  principle. 

Fig.  564  represents  a photometer  constructed  by  Bunsen.  On  a frame  a b, 
consisting  of  white  paper,  the  spot  in  is  made  translucent  by  means  of  stearin 

or  paraffin.  Sources  of  light  are  placed  at  both 
sides  • when  the  light  to  the  left  of  the  screen  is 
stronger  than  that  to  the  right,  the  stearin  spot  will, 
on  the  right-hand  side,  appear  lighter  than  the  surface 
of  the  paper  surrounding  it.  When  the  two  sources 
of  light  are  of  the  same  intensity,  the  surrounding 
paper  and  the  stearin  spot  appear  equally  light  on 
both  sides.  In  order  that  both  sides  of  the  paper 
may  be  seen  at  once,  it  is  placed  between  the 
mirrors  M N and  m’  n',  so  as  to  bisect  the  angle 
between  them. 

Edison  s Apparatus. — The  form  Edison  gave  to  this  apparatus  is  shown 
in  Fig.  565.  The  screen  with  its  two  mirrors  moves  on  wheels  between  the 
normal  candle  and  lamp  to  be  compared,  which  are  at  opposite  ends.  The 
whole  apparatus  is  enclosed  in  a blackened  box  to  prevent  light  from  being 


Fig.  564. — Bunsen’s  Photo- 
meter. 


565 — Edison  Form  of  Bunsen  Photometer. 


reflected  from  the  sides  of  the  box.  To  measure  the  intensity  of  a glow  lamp  in 
this  or  a similar  way  is  not  a matter  of  difficulty  ; it  is,  however,  different  when 
the  light  of  arc  lamps  is  to  be  compared.  The  points  that  constitute  the 
difficulty  are  the  immense  difference  between  the  intensities  of  the  unit  of  light 
and  the  arc  lamp ; the  irregular  radiation  of  the  light  of  an  arc  lamp  fed  by  con- 
tinuous currents,  and  the  various  tints  of  the  lights  to  be  compared.  Instead  of 
using  the  unit  of  light,  it  may  be  multiplied  so  as  to  give  some  intermediate 
measure.  Even  for  comparing  lamps  with  small  intensities,  either  some  inter- 
mediate light,  such  as  a petroleum  lamp,  is  taken,  or  else  the  arc  light  is  allowed 
to  pass  through  a concave  lens  for  the  purpose  of  weakening  it. 
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I>.  Pfaimdler  suggests  a simple  means  for  mechanically  weakening  the 
intensity,  viz.  that  of  allowing  a disc  ^shown  in  Fig.  566)  to  rotate  between  the 
source  of  light  and  Bunsen’s  grease  spot  screen.  The  reduction  of  the  in- 


tensity will  be  the  greater  the  smaller  the  total  service  of  the  sectors  opened. 
In  order  to  make  one  disc  do  for  measuring  different  intensities,  H.  Hammerl 
makes  use  of  a double  disc  (shown  in  Fig.  566  b),  consisting  of  two  circular 


Pig-  567- — Globe  lit  by  Continuous  Current. 


discs  having  equal  segments  cut  out,  which  move  about  an  axis  at  their  centres, 
so  that  these  segments  may  be  made  larger  or  smaller,  as  required ; the  sum  of 
the  angles  formed  by  the  open  segments  of  the  two  discs  is  read  off  a scale  at  a. 

Arc  lamps  fed  by  alternating  currents  have  their  carbons  equally  pointed, 
and  the  light  they  give  out  is  therefore  uniform  in  all  directions.  If,  however, 
continuous  currents  are  used,  the  positive  carbon  becomes  blunt  and  usually 
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hollowed  out,  whilst  the  negative  carbon  becomes  pointed ; the  consequence 
is  that  the  greater  portion  of  the  light  comes  from  the  positive  carbon,  and 
no  longer  shines  horizontally,  but  makes  a certain  angle  with  tlie  horizontal  plane. 
(According  to  Fontaine,  an  angle  of  from  50®  to  60° ; according  to  Hefner  von 
Alteneck,  37°.)  A glass  globe  surrounding  a lamp  fed  by  continuous  currents 
is  shown  in  Fig.  567. 

A view  of  the  room  for  photometric  observations  at  the  Exhibition  for 
Electricity,  Munich,  1882,  is  given  in  Fig.  569.  In  this  room  there  were 
two  photometer  lines  or  scales,  a b and  b c (Fig.  568),  measuring  6 to  12 
yards.  At  A the  normal  candle  or  the  argand  burner  i could  be  placed. 
At  II  a burner,  the  opening  of  which  was  o’04  inch  in  diameter.  At 

B a Siemens  gas  burner  or  a 
glow  lamp  was  placed,  and 
at  c the  arc  lamp  to  be 
examined.  At  a and  b 
stood  the  movable  Bunsen’s 
paper  screens ; g g indicate 
apparatus  for  measuring  gas, 
between  which  the  regulator 
R was  placed.  The  sper 
maceti  candle  was  taken 
as  the  light  unit,  but  in- 
stead of  using  the  candle 
directly,  a series  of  steps  or 
grades  of  intensity  were  ar- 
ranged between  it  and  the  arc  lamp.  As  the  first  of  these,  the  gas  burner  ii  was 
employed,  and  before  each  measurement  compared  with  the  candle  by  means  of 
the  photometer  a \ the  burner  was  supplied  with  gas  by  a gas-meter  of  one-candle 
power.  The  gas-burner  ii  was  then  compared  with  the  argand  burner  at  a,  sup- 
plied with  gas  by  a 16-candle  power  gas-meter,  a was  then  compared  with  a 
Siemens  burner  at  b,  which  received  gas  from  a gas-meter  of  30-candle  power. 
The  Siemens  burner  was  then  taken  as  a measure  for  the  arc  lamp  at  c.  The 
unequal  radiation  was  compensated  for  by  measuring  the  intensity  in  a horizontal 
direction  under  an  angle  of  from  30°  to  60°  ; besides  this,  measurements  were 
made  under  angles  specially  mentioned  by  manufacturers.  For  this  purpose  a 
mirror  s was  used,  which  was  movable  about  a horizontal  axis  c,  whilst  the  lamp 
L was  burning  at  a constant  height. 

Electric  as  Compared  with  Gas  and  other  Light. — Before  de- 
ciding to  adopt  the  electric  light  for  a particular  purpose,  it  is  not  only  necessary 
to  consider  the  technical  perfection  of  the  apparatus  for  producing  it,  but  also 
whether  electric  light  would  be  advantageous  as  regards  its  properties.  The 
electric  light  not  only  surpasses  gas,  but  all  other  artificial  sources  of  light  in 
its  intensity,  although  some  declare  that  it  has  a blilish  tint,  and  rather  resembles 
the  light  of  the  moon  than  that  of  the  sun.  Experiments  made  with  sun,  gas. 


Fig.  568. — Photometric  Apparatus  at  Munich. 


fig-  5^9- — Pliolometric  Room  at  the  Munich  Exhibition. 
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and  electric  light  have  shown  that  gas-light  is  richer  in  red  rays  than  either  of 
t e others,  but  the  electric  light  is  richer  in  violet  rays  than  either  the  gas-light 
or  sun-hght.  It  has  been  further  found  that  sun-light  is  more  luminous  in  its 
green  and  blue  constituents  than  the  electric  light,  but  that  the  latter  may  sur- 
pass the  former  in  red  and  violet.  To  show  that  the  electric  light  compared 
with  sun-hght  appears  yellowish  or  reddish,  we  need  only  illuminate  a portion  of 
a surface  by  sun-hght  and  a portion  by  the  electric  light  The  colour  of  the 
electric  light  is  therefore  preferable  to  that  of  gas-light,  and  it  is  only  because 
we  are  at  present  accustomed  to  see  everything  in  a reddish  light  that  we  find 
the  electric  light  cold  and  unnatural.  When  the  two  colours,  green  and  blue 
are  seen  by  gas-light  it  is  often  difficult  to  distinguish  the  oner  from  the  other, 
although  by  electric  light  these  colours  are  easily  distinguished.  Sometimes 
It  IS  of  the  greatest  importance  that  we  should  be  able  to  see  objects  in  their 
natural  colours,  as,  tor  instance,  in  weaving,  spinning,  and  printing  establish- 
ments, etc. ; here  the  advantages  of  the  electric  light  are  obvious.  Although 
the  electric  light  compared  with  sun-light  appears  reddish,  the  large  proportion 
of  violet  rays  that  it  contains  makes  it  available  for  photographical  purposes, 
where  gas-light  would  be  perfectly  useless. 

The  advantages  of  electric  light  from  a hygienic  point  of  view  cannot  be 
disputed.  Gas  and  all  other  artificial  lights  consume  great  quantities  of  the 
oxygen  in  the  air,  and  make  it  injurious  to  health  by  the  formation  of  COj. 
The  results  of  experiments  made  by  F.  Fischer  with  different  sources  of  light 
to  determine  the  consumption  of  oxygen,  the  heat  produced,  and^he  formation 
of  carbon  dioxide  by  each,  are  given  in  the  following  table  : 


Source  of  Light. 

' 

Power  or  Materials 
required  for  the  Production 
of  a Light  of  loo-Candle 
Power  per  hour. 

Water  in 
Kilogram. 

Generated, 
CO2  at  0°. 

Heat  in 
Calories, 

Electric  arc  light  

o'og  to  0'25  HP. 

1 

Not  determined. 

qg  to  1 1;8 

„ glow  light 

O 46  to  0-85  IIP. 

— 



290  to  i;t6 

Gas,  Siemens  regenerative  burner... 

o‘35  to  o'56  cbm. 

— 

» 

1,500 

,,  argand  burner 

o '8  — 2'o  cbm. 

0-86 

0-46 

4,h6o 

,,  burner  with  two  openings 

2—8  cbm. 

214 

1-14 

12,150 

Mineral  oil,  large  round  wick 

o'2S  kg. 

o’37 

044 

3,360 

,,  small  flat  wick  

0‘6o  ,, 

o'8o 

0-95 

7,200 

Rape  oil  cover  lamp  

o’43  .. 

0'S2 

o’6i 

4,200 

,,  lamp  for  studying  

070  ,, 

0 85 

I'OO 

6,800 

Wax  

077  M 

0-88 

i-i8 

7,960 

Stearin  

0-92  „ 

0'04 

1-30 

8,940 

Tallow  

100  „ 

1-05 

I ‘45 

9,700 

M.  V.  Pettenkbfer’s  results,  comparing  the  COj  produced  by  gas  with  that 
produced  by  arc  lamps,  at  the  theatre  at  Munich,  are  given  in  the  following 
table  (the  readings  w-ere  taken  in  an  empty  house)  : — 


* 'Fhc  cnses  proc!i:ced  clurinc  combusiion  arc  conducted  away  in  the  Siemens  recencrative  burner. 
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Gas. 

Electric  Light. 

After  30  Minutes. 

After  60  Minutes. 

After  60  Minutes. 

Pit  

0-5 

o’6 

0‘5 

I.  balcony 

i‘i 

I'O 

0-5 

III.  balcony  

i'4 

2’0 

0*6 

At  an  international  hygienic  meeting  at  Turin,  Layet  pointed  out  that 
gas  not  only  affects  animal  life,  but  greatly  increases  the  danger  of  fire.  The 
electric  light,  however,  has  drawbacks  which  gas  has  not  Gas  is  conveyed 
from  the  place  of  production  to  the  place  where  it  is  consumed  easily  and 
without  loss ; but  electric  light  cannot  be  distributed  without  loss  of  energy ; the 
greater  the  partition  the  greater  the  loss,  no  matter  how  carefully  the  leads 
are  carried  out.  At  present  gas-light  has  this  advantage  over  electric  light,  that 
it  is  produced  at  large  centres  and  in  large  quantities;  but  as  the  central 
electric  generating  stations  now  being  erected  in  most  towns  are  extended 
this  advantage  will  disappear.  It  has  been  said  that  by  using  electric  light  the 
danger  of  fire  is  considerably  lessened ; but  this  is  only  true  when  the  arrange- 
ments are  without  fault.  As  long  as  the  currents  pass  through  proper  and 
sufficiently  insulated  conductors,  there  is  no  danger  whatever;  but  fire  may 
be  caused  when  a short  circuit  is  produced,  and  this  may  happen  when 
branch  wires  become  connected  with  each  other  by  means  of  metallic  dust, 
thin  wires,  wet  or  saturated  wood,  etc.  etc.  Such  imperfect  conductors  may 
become  heated,  and  finally  burst  out  into  flame.  In  arc  lamps,  through  an 
undue  increase  of  the  current,  it  may  happen  that  the  arc  does  not  form 
between  the  carbons,  but  between  the  metallic  portions,  which  it  then  melts. 
All  these,  however,  are  exceptional  cases.  The  electric  light  may  further 
become  dangerous  through  its  physiological  effects ; cases  have  occurred  where 
persons  have  been  killed  by  coming  in  contact  with  conducting  wires  but 
this  can  only  happen  when  currents  of  high  potential  are  used,  and  for'ithis 
reason  they  ought  to  be  avoided,  or,  where  this  is  not  possible,  perfect  insulation 
should  be  insisted  upon.  We  may  sum  up  the  advantages  and  disadvantages 
of  electric  light  and  gas-light  as  follows  ; Where  powerful  lights  of  great  intensity 
are  required,  electric  light  would  be  preferable  to  gas-light ; but  if  the  lighting 
consists  of  a great  many  small  lights,  gas  may  be  preferable  to  the  electric 
light,  because  it  is  easily  distributed  without  loss  of  energy.  Objects  are  seen 
by  electric  light  in  their  natural  tints,  whilst  by  gas-light  some  colours  cannot 
be  distinpished  at  all,  and  others  appear  different.  For  chemical  effects, 
gas-light  is  altogether  impracticable.  The  electric  light  hardly  increases  the 
temperature  in  enclosed  spaces,  and  products  of  decomposition  injurious  to 
ea  t an  inanimate  objects  are  not  formed ; whereas  gas  raises  the  tempera- 
ture considerably,  and  also  causes  the  formation  of  carbon  dioxide,  compounds 
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of  sulphur,  etc.,  which  are  injurious  to  health  as  well  as  to  inanimate  objects. 
Although  the  comparison  of  cost  between  electric  light  and  gas-light  is  of  great 
importance,  general  rules  are  difficult  to  formulate,  and  the  comparison  must 
usually  be  made  with  special  reference  to  the  particular  case  under  consideration. 
If  a public  supply  of  electric  energy  is  available  and  glow  lamps  are  used,  it  may 
be  stated  that  at  6d.  per  Board  of  Trade  unit  a i6  candle-power  glow  lamp  is  as 
cheap  as  a 5 cubic-foot  burner  using  ordinary  gas  at  6s.  per  thousand.  When, 
however,  the  installation  is  sufficiently  large  to  justify  the  putting  down  of  special 
generating  plant,  the  comparison  is  much  more  favourable  to  the  glow  lamp. 
For  purposes  for  which  arc  lamps  can  be  used  they  are  undoubtedly  cheaper 
than  gas. 

The  adoption  of  the  electric  light  will  by  no  means  do  away  with  gas; 
this  would,  on  the  other  hand,  probably  become  more  important  than  ever, 
although  its  form  of  utilisation  would  possibly  become  altered.  Using  gas 
for  heating  purposes  is  a rational  utilisation  of  the  coal,  for  during  combustion 
of  the  gas  the  production  of  heat  is  far  in  excess  of  the  production  of  light, 
which  is  proved  by  the  heating  of  the  air  in  closed  spaces,  and  still  further  by 
the  following  statement : — Large  gas  engines  produce  one  horse-power  by  the 
consumption  of  35-3  cubic  feet  of  gas  per  hour.  With  such  an  engine,  by  using 
the  electric  arc  light,  a light  of  1,700  candle-power  can  be  obtained;  but  if  this 
quantity  of  gas  is  consumed  by  ordinary  gas  burners,  only  seven  flames  of  16- 
candle  power  each  are  obtained,  i.e.  a light  of  112  candle-power.  It  is,  therefore, 
possible  that  the  electric  light  may  gradually  take  the  place  of  gas,  although  gas 
will  not  become  useless.  It  might  be  used  on  a still  larger  scale  for  heating 
purposes,  especially  as  the  production  of  heating-gas  is  cheaper  than  that  of 
lighting-gas.  This  would,  from  a sanitary  point  of  view,  greatly  improve  the 
buildings  of  large  towns,  and  would  cause  their  atmosphere  to  be  purer  and 
more  healthy  by'freeing  it  from  smoke. 


APPLICATIONS  OF  THE  ELECTRIC  LIGHT. 

It  seems  far  easier  to  enumerate  the  few  cases  for  which  the  electric  light 
is  not  available  than  to  make  a complete  list  of  those  where  it  can  be  used  ; 
we  shall,  therefore,  only  give  a few  of  the  most  important  applications. 

Domestic  Electric  Lighting. — The  use  of  the  electric  current  for 
domestic  lighting  is  undoubtedly  the  application  which  has  awakened  the  most 
widespread  interest,  and  has  done  most  to  make  the  wonders  of  electrical 
science  familiar  as  household  words  to  thousands  who  otherwise  would  scarcely 
have  given  them  more  than  a passing  thought.  It  is,  therefore,  fitting  to  put  in 
the  forefront  of  the  “Applications  of  the  Electric  Light”  a few  brief  details  in 
connection  with  this  special  use  of  the  current,  which,  with  what  has  gone 
before,  may  give  the  ordinary  domestic  consumer  some  further  knowledge  of  the 
fittings  and  apparatus  available  and  the  precautions  to  be  observed. 

Dealing  first  with  the  conductors,  we  may  observe  that  the  wires  used  inside 


The  Electric  Light. 


573 


a building  ought  to  have  good  fire-proof  insulators.  Various  forms  of  clamps 
and  binding  screws  for  these  wires  are  represented  in  Fig.  570,  taken  from 
Uppenborn's  “ Calendar  for  Electricians.”  As  a rule  the  clamps  most  frequently 
used  are  those  lettered  a,  which  have  spaces  cut  out  to  let  the  wires  through. 
When,  however,  the  wires  are  to  be  carried  by  damp  walls,  double  clamps  like 


Fig.  570. — Clamps  for  Conductors  used  in  Lighting. 


that  in  b must  be  used.  When  the  supports  may  be  very  wet,  the  porcelain 
insulators  D are  needed. 

The  modes  of  connecting  branch  wires  are  shown  in  c,  c',  and  e.  Branches 
for  less  than  five  lamps  are  simply  soldered  together,  covered  with  guttapercha, 
and  fastened  with  the  wooden  clamps  e.  When  the  wires  have  to  pass  through 
walls  each  wire  has  to  be  placed  in  a glass  tube  F,  or  both  wires  together  are 
surrounded  by  guttapercha  covers  well  insulated  from  each  other. 

The  increasing  use  of  electricity  has  led  to  the  framing  of  rules  for  the  protec- 
tion of  human  life,  and  for  guarding  against  fire.  The  following  rulesj  according 
to  Uppenborn,  are  to  be  observed  in  Philadelphia : 

I.  All  the  wires  conveying  electricity  within  a building  must  be  well  insu- 
lated throughout  their  entire  length. 
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2.  At  intervals  such  insulations  as  are  liable  to  become  damaged  by  the 
cutting  through  of  the  supports,  etc.,  ought  to  be  inspected. 

3.  The  wires  are  to  consist  of  as  few  pieces  as  possible,  and  when  joining 
cannot  be  avoided  the  junction  must  be  well  insulated  and  secured  so  as  to 
prevent  the  separation  of  the  parts,  which  might  give  rise  to  the  formation 
of  sparks. 

4.  Conduction  by  the  earth  is  not  safe ; both  back  and  forward  conduction 
has  to  be  performed  by  means  of  wires.  The  conducting  wires  must  not 
be  laid  in  the  immediate  neighbourhood  of  metallic  or  other  conductors, 
such  as  water  or  gas  pipes,  etc.  If  the  latter  have  to  be  crossed,  careful  and 
sufficient  insulation  must  be  provided. 

5.  The  possibility  of  having  the  current  short-circuited  is  avoided  by  having 
all  the  wires  coming  from  the  machine  or  parts  of  it  kept  well  separated.  All 
the  wires  are  to  be  well  fastened,  and  are  only  allowed  to  hang  down  when 
this  is  absolutely  necessary  for  the  suspension  of  lamps.  Neither  damp  walls 
nor  the  floor  should  be  used  for  fastening  the  wires. 

6.  The  dimensions  of  the  wires  are  to  be  such  that  the  strongest  current 
might  be  conveyed  through  them  without  heating  them  unduly. 

7.  Danger  of  losing  life  by  the  chance  discharge  of  the  current  is  to  be 
avoided  by  arranging  the  wires  so  as  to  be  out  of  reach,  or  taking  care  to  have 
them  well  protected. 

8.  For  large  systems,  such  as  those  used  at  theatres,  railway  stations,  etc., 
plans  easily  understood,  and  giving  minute  details,  ought  to  be  drawn  and  to  be 
made  accessible. 

9.  Competent  persons  only  ought  to  be  entrusted  with  the  electrical 
engineering. 

The  above  rules  follow  the  same  general  lines  as  those  which  have  been 
elaborated  for  the  guidance  of  contractors  and  consumers  in  this  country.  Here 
we  have  the  general  regulations  of  the  Board  of  Trade,  with  which  the  supply 
company  must  comply,  and  which  contain  eight  sections  devoted  to  the 
‘•'Consumer’s  Premises.”  In  addition  it  is  the  custom  of  supply  companies  to 
issue  detailed  regulations  for  the  guidance  of  contractors,  and  to  insist  upon 
these  regulations  being  observed.  Moreover,  the  fire  insurance  companies 
require  certain  elaborate  “ Fire  Risk  Rules  ” to  be  complied  with  in  all  insured 
buildings  in  which  the  electric  light  is  used,  and  the  Institution  of  Electrical 
Engineers,  acting  as  an  independent  authority,  has  also  issued  a similar  set  of 
rules,  which  if  followed  would  reduce  any  special  fire  risk  to  a vanishing 
quantity. 

If  we  remember  that  the  electric  light,  intelligently  fitted  up,  is  in  itself  a far 
safer  illuminant  than  gas,  we  may  confidently  assert  that,  when  hedged  round 
with  all  these  rules  and  regulations,  the  most  timid  may  feel  reassured  and 
venture  to  turn  a deaf  ear  to  the  sensational  stories  with  which  irresponsible 
correspondents  occasionally  regale  the  readers  of  newspapers. 

It  is,  of  course,  unnecessary  for  us  to  make  here  even  a brief  extract  of  these 
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various  rules,  which  are  encumbered  with  minute  though  requisite  details.  In 
addition  to  the  points  already  referred  to  we  may,  however,  note  the  following 

10  The  consumer  is  on  no  account  to  have  access  to  any  high-pressure 
mains' or  apparatus  which  may  be  used  in  the  system  of  supply;  all  such 
apparatus  is  to  be  completely  enclosed  in  solid  walls  or  strong  metal  casing 
properly  earthed.  The  limit  of  potential  difference  available  for  the  consumer  is 
300  volts  for  continuous  and  150  volts  for  alternate  current  supply. 

11  All  conductors  should  be  easily  accessible,  and  no  naked  conductor 
should  be  used  inside  a building. 

12.  The  insulation  resistance  between  the  consumer’s  conductors  and  the 
earth  must  not  be  less  than  5,000  ohms  according  to  the  Board  of  Trade 
regulations.  Some  of  the  fire  insurance  rules  insist  upon  a higher  standard, 
which  is  such  that  the  product  of  the  insulation  resistance  by  the  number  of 
lamps  wired  must  not  be  less  than  12,500,000  ohms.  Thus,  for  an  installation  of 
100  lamps  the  insulation  resistance  must  be  at  least  125,000  ohms. 

13.  Minute  directions  are  given  for  the  placing  of  fusible  and  other  “cut 
outs,”  and  for  the  actual  sizes  of  conductors  to  be  used  under  given  conditions. 

14.  All  overhead  wires  are  to  be  protected  by  lightning  dischargers. 

Switches. — Passing  from  the  conductors,  we  next  come  to  the  arrangements 

for  lighting  up  and  extinguishing  individual  lamps  or  groups  of  lamps.  Not  the 
least  of  the  conveniences  of  the  electric  light  for  domestic  purposes  is 
the  ease  with  which  the  lamps  can  be  turned  on  or  off.  No  match  or  taper  or 
anything  of  that  kind  is  required  ; the  mere  turning  of  a handle  or  the  pressure 
of  a knob  is  sufficient  to  light  a single  lamp  or  a whole  series,  and  a similar 
operation  will  extinguish  them  when  the  light  is  no  longer  required.  Thus,  when 
they  are  not  required  for  a long  or  short  interval,  it  is  not  necessary  to  turn 
the  lamps  low,  with  the  consequent  waste,  risk,  and  inconvenience  as  in 
the  case  of  gas.  They  can  be  readily  extinguished  and  as  readily  relighted  in 
any  desired  numbers. 

The  piece  of  apparatus  by  which  these  operations  are  accomplished  is  known 
as  a switch,  and  can  be  placed  in  any  convenient  position  either  inside  or  outside 
the  room  in  which  the  lights  are.  For  domestic  purposes  perhaps  the  best 
position  for  it  is  just  inside  the  door,  a few  inches  from  the  opening  and  at  a 
convenient  height.  Knowing  where  the  switch  is,  anyone  entering  the  room  in 
the  dark  can  place  his  hand  upon  it  and  cause  the  whole  room  to  be  brilliantly 
illuminated  at  once.  Likewise  on  leaving,  a mere  touch  is  sufficient  to  plunge 
the  room  into  darkness  again.  The  method  simply  consists  in  closing  or 
opening  a gap  in  one  of  the  conductors,  which  carries  the  current  either  to  or 
from  the  lamps  concerned. 

The  requirements  being  so  simple,  almost  innumerable  inventions  have 
been  patented  for  fulfilling  them.  Two  chief  conditions  to  be  satisfied  by  a 
good  switch  have  gradually  been  evolved  as  the  result  of  experience.  In  the 
first  place  the  contacts,  which  are  of  necessity  metallic,  should  be  rubbing 
contacts,  so  that  the  mere  action  of  using  the  switch  will  tend  to  keep  them  clean 
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and  bright.  And  secondly,  there  should  be  such  a quick  break  on  turning  off 
the  current  that  it  will  be  impossible  for  an  electric  arc  to  form  and  persist 
across  the  gap  during  the  process.  This  last  condition  makes  it  necessary  that 
the  rapidity  with  which  the  break  is  finally  made  should  be  independent  of  the 
quickness  or  slowness  with  which  the  operator  moves  the  controlling  handle. 
As  a subsidiary  condition  it  is,  of  course,  obvious  that  the  contacts  and  the  two 
sides  of  the  gap  should  be  well  insulated  not  only  from  one  another,  but  also 
from  surrounding  conductors  and  semi-conductors.  Also  that  the  materials 
used  should  be  incombustible,  and  that  the  parts  should  be  easily  accessible  for 
repairs. 

The  switches  employed  in  the  original  Edison  system  have  already  been 

described  at  page  495.  A more 
modern  form  of  switch  that  is  very 
widely  used  is  shown  in  Fig.  571. 
It  is  known  as  the  “ Diamond  ” 
switch,  and  is  manufactured  by 


Fig.  571. — The  “Diamond”  Switch  with  Fig.  572. — Ornamental  Cover  for  Switches. 
Cover  removed. 


Messrs;  Woodhouse  and  Rawson,  of  London.  One  of  the  conductors  is  cut  and 
the  ends  made  fast  to  the  blocks  a and  c respectively  of  the  switch ; the  wire 
for  A comes  up  through  the  hole  h from  the  back,  and  that  for  c through  a hole 
not  shown  in  the  figure.  From  a the  current  passes  to  d through  / and  if  the 
bridge-piece  b is  in  the  position  indicated,  it  flows  through  b to  c and  so  to  the 
lamp.  B,  however,  can  be  placed  at  right  angles  to  the  position  shown.  By 
turning  the  handle  at  the  top  counter-clockwise,  the  projection  a will  press 
against  and  move  B.  When  it  has  been  moved  a little  way  and  its  friction 
against  the  blocks  c and  d diminished,  the  strong  spring  j pressing  on  a pin 
rigidly  connected  with  b forces  the  latter  off  the  blocks  with  a quick,  sharp 
movement,  so  as  to  break  the  connection  between  c and  u very  rapidly,  whatever 
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Fig-  573- 


-Switch  for  use  with  Brackets 
and  Electroliers. 


be  the  speed  with  which  the  handle  is  being  turned.  In  this  way  the  formation 
of  an  electric  arc  is  avoided.  The  connection  between  c and  d can  be  again 
established  by  turning  the  handle  in  a clockwise  direction. 

The  covered-in  switch  is  represented  on  a somewhat  smaller  scale  in  Fig.  572, 
and  it  will  be  noticed  that  the  design  of  the  cover  can  be  made  to  harmonise 
with  the  style  of  the  decoration  of  the 
room  in  which  it  is  to  be  placed. 

In  Fig.  573  is  depicted,  with  its 
cover  and  handle  removed,  a neat  form 
of  switch  that  can  be  easily  screwed 
into  the  various  electric  light  fittings 
which  are  adapted  from  the  older  gas 
fittings.  The  attachment,  the  method 
of  which  is  obvious,  simply  increases 
the  length  of  the  arm  a little.  The 
insulated  conductors,  passing  through 
the  centre  of  the  pipe,  proceed  through 
the  central  tube  of  the  switch ; but  one  of  them  is  cut  and  the  two  ends  metallically 
connected  to  the  fixed  contact  blocks  a and  b.  The  bridge  piece  b turns  on  the 
central  a.\is,  and  underneath  its  widened  central  part  there  is  a strong  flat  spiral 
spring,  which  is  coiled  up  when  the  switch  is  in  the  position  shown— that  is, 

when  the  current  is  “on.”  On  turning  B in  a clock- 
wise direction,  as  soon  as  its  ends  are  relieved  from 
the  friction  of  the  contact  blocks  the  spring  uncoiling 
rapidly  causes  the  bridge  piece  to  fly  round  quickly 
off  the  contacts  until  it  is  pulled  up  by  the  stop-pin  s. 
In  this  way  any  danger  of  “ arcing  ” is  averted.  Both 
-his  and  the  switch  last  described  can  have  remov- 
able turning  handles  attached  to  them  if  required ; 
the  withdrawal  of  these  handles  renders  it  impossible 
for  unauthorised  persons  to  tamper  with  the  lights. 
There  are  many  positions  in  which  such  a device  is 
useful  and  necessary. 

A very  useful  piece  of  apparatus  which  fulfils  the 
Wall  Socket  purpose  of  a 'switch  is  shown  in  Fitr  =^7 a and  ic 
known  as  a wall  socke.,”  I,  co„sis.s^P,:o  pans! 

the  wall  of  a room  '"'6"<3ed  to  be  fixed  in 

be  required  for  1"  “ '1°'  ■"“‘S'  occasionally 

» j its^::~r„«  t:;TbTdeteL7 

tr;:i.“r?rr """  *estkt:“:f;erl■:te“n 

the  apparlT?  1 A and  a.  The  other  part  of 

inserted  in  the  hollow'^fubesT  and 

^ pins  are  joined  to  the  ends  of 


Fig-  574- 

and  Plug. 
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twin  flexible  conductors,  the  other  ends  of  which  are  attached  to  the  terminals  of 
some  convenient  form  of  table  or  movable  lamp — for  example,  lamps  of  the 
kind  shown  in  Fig.  581.  By  inserting  the  plug  into  the  socket  the  lamp  or 
group  of  lamps  connected  with  it  is  lit  up,  and  if  a number  of  sockets  are  fixed 
in  different  rooms  or  positions  the  lamps  can  be  carried  about  and  lit  up  where 
required  for  the  time  being. 

The  switches  so  far  described  are  suitable  for  single  or  small  groups  of 
lamps.  For  controlling  larger  groups,  such  as  all  the  lamps  on  one  floor  of  a 
building,  or  all  the  lamps  of  a building,  more  massive  switches  are  necessary. 
One  of  these,  also  manufactured  by  Messrs.  Woodhouseand  Rawson,  is  illustrated 


Fig.  575. — Switch  for  Larger  Currents. 


in  Fig.  575.  Its  action  is  similar  to  that  of  the  “ Diamond  ” switch  already 
described ; the  corresponding  parts  have  been  marked  with  similar  letters,  so 
that  the  foregoing  description  applies  with  very  little  change,  r is  a stop,  not 
shown  in  the  previous  figure,  for  arresting  the  motion  of  the  bridge  piece  B as  it 
flies  off  the  contact  blocks  c and  d.  The  switch  illustrated  is  made  in  sizes  to 
take  currents  from  30  to  100  amperes,  and  could  therefore  control  the  circuits  of 
about  170  lamps  of  16  candle-power  on  a loo-volt  installation. 

Safety  Fuses. — An  important  detail  in  the  wiring  of  a house  or  building  for 
the  electric  light  is  the  method  adopted  to  protect  each  conductor  from  being 
subjected  to  a dangerous  current.  For  instance,  if  a pair  of  conductors  leading 
to  a particular  lamp  are  accidentally  brought  into  contact  or  short-circuited  whilst 
at  a potential  difference  of  100  volts,  a very  large  and  dangerous  current  will  at 
once  be  set  up.  At  the  very  commencement  of  this  current,  and  before  it  can 
assume  dangerous  proportions,  the  safety  device  should  act,  and  cut  the  faulty 
conductors  out  of  circuit.  This  is  usually  accomplished  by  inserting  in  the 
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circuit  a short  length  of  easily-fusible  wire  of  much  higlier  resistance  per  inch  of 
length  than  the  service  conductors.  This  wire  should  fuse  and  break  the  circuit 
before  the  current  in  the  other  conductors  becomes  dangerous.  It  is,  of  course, 
placed  in  such  a position  and  so 
arranged  that  its  fusion  is  harmless. 

The  best  position  in  the  network  is 
wherever  there  is  a change  of  gauge, 
and  the  “ fuse  ” should  always  be  so 
designed  as  to  protect  the  smaller 
conductor. 

It  is  also  customary  to  place 
fuses  in  or  near  switches,  and  in 
some  of  the  switches  just  described 
there  are  arrangements  for  the  in- 
sertion of  a fuse  wire.  Thus,  in 
Fig.  571a  fuse  connects  the  blocks 
A and  D,  and  in  Fig.  575  the  screws 
A and  D are  intended  to  be  joined 

by  a fusible  strip.  There  should  also  be  a fuse  wire  at  the  back  of  the  wall- 
socket  (Fig.  574). 

Special  blocks  of  various  shapes  are  also  made  for  the  sole  purpose  of 


577-—“  Instantaneous  ” Fuse. 


Sn  be  Fig-  5?6.  It  is  so  designed  that  it 

wn  be  placed  m line  with  the  casing  in  which  the  conductors  are  run  and  is 
known  as  a double-pole  “ fuse  ” nr  “ mt-  rmt-  » c.-  n .. 

placed  on  enrh  nf  ti.  J cut-out,  since  it  allows  a fusible  wire  to  be 
placed  each  of  the  conductors.  The  base  is  of  porcelain,  and  therefore 
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incombustible,  whilst  the  glass  cover  allows  the  condition  of  the  fuse  to  be 
readily  inspected,  and  should  also  protect  it  from  dirt  and  moisture. 

The  chief  requisite  in  a good  fuse  is  that  it  should  “ go  ” immediately  when 

the  current  through  it  reaches  a certain  mag- 
nitude. The  material  used  for  the  fusible 
strip  is  usually  either  lead,  tin,  or  copper,  of 
the  requisite  cross-section.  The  length  of 
the  strip  and  the  size  of  the  metallic  blocks 
to  which  it  is  attached  also  influence  the 
current  required  to  fuse  it,  so  that  the  design 


Fjp.  1:78.—“  Cockburn’s  ” Weighted  Fuse.  Fig.  579.— Fuse  Wire  of  the 

^ “ Cockburn  ” Fuse. 


of  the  holder  has  to  be  considered  as  well  as  the  dimensions  and  material  of 
the  fuse.  Then  again,  if  the  fuse  strip  becomes  oxidised  its  behaviour  is  changed. 
For  instance,  a badly  oxidised  tin  fuse  has  had  the  unoxidised  metal  melted 
without  the  circuit  being  broken,  the  coating  of  oxide  being  sufficiently  strong 
to  hold  the  molten  metal.  As  a matter  of  con-  + 

venience  all  fuses  should  be  readily  accessible,  both 
on  account  of  inspection  and  repair,  and  the  fusible 
part  should  be  quickly  replaceable  in  the  event  of 
it  being  accidentally  fused. 

Of  the  numerous  fuses  which  have  been  de- 
signed to  more  or  less  fulfil  the  above  conditions 
we  can  only  describe  two  here.  The  first,  known 
as  the  “ instantaneous  ” fuse  of  Messrs.  Laurence 
Scott  and  Co.,  is  shown  in  Fig.  577,  the  cover  of 
the  fuse-block  b being  removed  to  show  the  con- 
nections. The  divided  ends  of  the  conductor 
to  be  protected  are  made  fast  to  the  two  screws, 
which  are  metallically  connected  to  the  sockets  a and  b.  The  fuse  itself,  shown 
in  two  different  forms  at  the  side,  consists  of  a fine  wire  enclosed  in  a glass  mbe, 
the  ends  of  the  tube  being  sealed  up  with  two  brass  blocks  to  which  the  wire  is 
attached,  and  which  fit  into  the  sockets  a and  b.  For  the  smallest  fuses  the 
wire  is  of  silver-gilt,  whilst  for  heavier  currents  it  is  either  of  tin  or  lead.  The 
glass  tube  protects  the  wire  from  deterioration  and  ensures  that  it  shall  always 
“ go  ” at  the  predetermined  current. 


Fig.  580. — “Cockburn'”  Fuses 
fixed  in  Distributing  Box. 
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Another  excellent  fuse  is  the  “ Cockburn,”  shown  in  position  on  a vertical 
casing  in  Fig.  578.  The  left-hand  conductor  has  been  cut  and  the  upper  end 
brought  to  the  screw  a which  is  joined  to  <5  by  a brass  block ; the  lower  end  has 
been  made  fast  to  which  is  similarly  connected  with  d.  The  fuse  dfb, 
consisting  of  a lead  or  tin  wire,  is  joined  to  d and  b.  The  special  feature  is  that 
the  wire  (shown  detached  in  Fig.  579)  is  loaded  at  the  centre  by  a leaden  weight 
•f,  which  ensures  the  breaking  of  the  wire  as  soon  as  the  material  becomes,  by  a 
rise  of  temperature,  too  soft  to  carry  this  weight.  In  this  way  the  results  of 
oxidation  are  guarded  against  in  so  far  as  they  would  prevent  the  fuses  from 
“ going  ” at  the  proper  current. 

Fig.  580  shows  a series  of  such  fuses  fixed  in  a much  better  position,  namely. 


A 


B c 

Fig-  581- — Various  Forms  of  Table  Lamps. 


in  a distributing  box.  The  conductors  from  the  supply  mains  are  joined  to  the 
vertical  bars  -f  and  - . From  these  the  currents  are  taken  through  the  fuses  on 
the  left  to  the  blocks  abc.  . . whence  they  flow  to  the  various  circuits  and 
return  to  the  blocks  a'  U c'  ..  . on  the  right  from  which  they  reach  the  negative 
bar  through  the  other  set  of  fuses.  In  this  way  fuses  are  placed  both  on  the 
positive  and  negative  sides  of  the  circuits. 

ease  with  which  the  electric  glow  lamp  can  be  adapted  to 
a 1 domestic  purposes  of  artificial  illumination,  and  the  possibility  of  placing 
the  lamps  in  almost  any  position,  has  led  to  the  production  of  fittings  speciallv 
designed  for  the  utilisation  of  the  light.  Some  of  these  are  very  arSic  "and  a 
volume  might  be  devoted  to  the  description  of  them  alone.  ’ 
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VVe  have  already  illustrated  some  of  the  lamp  holders  in  Figs.  474  and  476, 
and  a large  electrolier,  as  it  is  called,  in  Fig.  563.  In  Fig.  581  we  depict  three 
recent  forms  of  table  lamps  which  may  to  a slight  extent  illustrate  the  variety 
available.  In  a the  lamp  is  within  a translucent  globe,  in  b it  is  shielded  from 


Fig.  583. — Ceiling  Rose  for  Hanging  Lamp. 

the  eye  by  an  opaque  screen,  whilst  in  c it  is  quite  exposed. 
Each  lamp  carries  a switch  just  below  the  burner,  and  the 
lamps  may  either  be  permanently  fixed  or  movable  to  any 
convenient  wall  socket.  {See  Fig.  574.) 

The  glow  lamp  is  particularly  well  adapted  for  suspen- 
sion from  the  ceiling,  either  singly  or  in  groups.  A single 
lamp,  arranged  so  that  its  height  can  be  adjusted  as  desired, 
is  shown  in  Fig.  582.  In  this  case  the  flexible  cord,  consist- 
ing chiefly  of  the  twin  conductors  which  carry  the  current 
to  and  from  the  lamp,  passes  round  the  pulleys  Pj  and  Pg. 
The  former,  p^,  carries  the  counter-balance  weight  w,  and 
the  cord  has  to  support'-the  weights  of  p^,  av,  and  the  lamp 
Special  precautions  have  therefore  to  be  taken  that  no 
strain  is  put  upon  the  ends  of  the  cord  by  which  it  is 
attached  to  the  fixed  conductors  at  the  ceiling  on  the  one 
hand,  or  the  lamp  terminals  on  the  other.  If  such  precautions  are  not 
taken  trouble  will  result.  One  method  of  taking  up  the  strain  at  the  ceiling  end 
is  shown  in  Fig.  583,  which  illustrates  what  is  known  as  a “ceiling  rose.  The 
cover  has  been  partly  removed  to  show  the  interior.  A slightly  conical  pillar 
A projects  downwards  from  the  porcelain  base  which  is  attached  to  the  ceiling- 
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This  pillar  bears  two  spiral  grooves  in  which  lie  the  two  conductors  leading  to 
the  lamp.  One  of  these  conductors  is  made  fast  to  the  screw  a attached  to  a 
brass  block  to  which  one  of  the  fixed  supply  conductors  is  also  attached.  The 
other  is  similarly  made  fast  on  the  other  side.  At  the  lower  end  of  the  coned 
pillar  these  conductors  are  gripped  by  the  rubber  ring  r,  which  lies  in  a groove 
in  the  cover  <r,  and  the  grip  is  firm  enough  to  take  the  whole  strain  off  the 
terminals,  at  the  same  time  excluding  dust  and  dirt  from  the  interior  of  the 
“rose.”  At  the  lamp  end  L (Fig.  582)  a similar  device  is  employed  to  take  the 
strain  off  the  terminals. 

Considerations  of  space  prevent  us  from  referring  in  detail  to  the  numerous 
brackets  and  pendants  which  have  been  designed.  In  these,  interesting  special 
points,  similar  to  those  just  referred  to  in  the  case  of  the  ceiling  rose,  frequently 
lead  to  ingenious  devices  with  the  object  of  satisfying  the  requirements  of  safety 
and  good  workmanship. 

The  Lighting  of  Buildings  by  Electricity. — The  lighting  of  public 
buildings  by  electricity,  if  proper  precautions  be  taken  as  regards  conduction  and 
insulation,  would  considerably  diminish  the  risk  of  fire.  We  have  statistics  to 
show  that  within  the  last  twenty-five  years  about  290  theatres  have  been  burned 
down,  28  per  cent  of  which  were  opened  only  five  years,  15  per  cent  six  to  ten 
years,  18  per  cent,  eleven  to  twenty  years,  and  20  per  cent  twenty-one  to  thirty 
years.  By  these  accidents  10,000  people  were  thrown  out  of  employment, 
and  the  damage  is  estimated  to  have  amounted  to  ;^7, 500,000.  When  it  is 
remembered  that  not  only  a large  amount  of  valuable  property  has  thus  been 
destroyed,  but  that  fires  in  such  buildings,  if  they  break  out  during  a performance, 
are  nearly  sure  to  be  attended  with  loss  of  life,  it  appears  obvious  that  no  effort 
should  be  spared  to  adopt  the  method  of  artificial  illumination  which  offers  the 
greatest  safeguards  against  such  risks.  From  this  point  of  view  there  can  be  no 
doubt  that  electric  lighting  is  the  method  to  adopt. 

The  first  large  theatre  lighted  by  electric  light  was  the  Savoy  theatre  in 
London;  soon  followed  others  in  Briinn,  Havana,  Boston,  Munich,  Milan, 
Manchester,  and  Buda-Pesth.  The  general  details  of  theatre  lighting  are  much 
t e same  as  m domestic  lighting  and  other  applications  which  we  fully  describe 
esewhere,  but  the  particulars  of  some  special  apparatus  connected  with  the 
stage  may  interest  our  readers. 


Apparatus  for  Stage  Effects.— The  most  difficult  portion  of  the 
ghting  of  theatres  is  the  stage,  and  a very  complicated  apparatus  is  required 
for  Its  regulation.  The  regulators  used  in  the  theatres  at  Munich  and  Stutt- 

MunirinTr8'2°V^'  Exhibition  at 

single  Dart  Th  ^ ^ ^ arrangement,  and  Fig.  585  represents  a 

ove^r  a numbp  f ^ ^PP^ratus  consists  of  a series  of  levers  m,  which  move 
nected  orone  in  a circle.  The  several  circuits  are  con- 

When  the  lev  contacts  x y. 

burn  with  their  Vn  resistance  is  inserted,  and  the  lamps 

with  their  full  power.  In  the  position  of  the  lever  shown  in  the  diagram. 
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Fig.  584.  —Stage- Light  Regulator. 


all  the  resistances  between  x and  a b are  inserted.  The  current  coming  from  a 
cannot  flow  over  b,  through  the  lever  m to  reach  b,  without  first  passing  through 
the  resistance  coils  a b.  By  moving  m the  resistance  can  be  altered  at  pleasure, 
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i.e.  the  intensity  of  the  lamps  of  that  circuit  can  be  altered.  When  all  or  several 
of  the  groups  of  lamps,  have  to  be  regulated  at  the  same  time,  the  several 
handles  of  their  respective  levers  are  raised  by  means  of  a horizontal  frame,  with 
which  they  are  connected,  and  which  moves  all  the  levers  when  a wheel  is 
turned  (see  Fig.  584.) 

The  apparatus  used  in  Munich  and  Stuttgart  has  a contrivance  by  means 
of  which  a sudden  flash  is  effected,  imitating  lightning,  etc.  Every  group 
of  lamps  has  a corresponding  handle  (n.  Fig.  585),  by  means  of  which  contact 
between  the  spring  L and  the  contact  c may  be  made ; by  taking  out  the 
resistance  of  the  group  of  lamps  for  a few  moments,  they  are  caused  to  glow  up 
for  an  instant  at  their  maximum  intensity. 


Fig.  586. — Arrangement  for  Coloured  Stage  Effect  at  Munich. 


Care  has  to  be  taken,  when  a number  of  lamps  are  extinguished  at  the 

same  time,  that  the  remaining  lamps  may  not  have  too  powerful  a current 

By  Edison’s  system  the  attendant  is  informed  of  this  by  a signal,  and  he 

by  the  help  of  a suitable  rheostat,  inserts  resistance  in  the  circu’it  of  the 

electro-magnet.  At  Stuttgart  the  weakening  of  the  current  is  made  known 

to  the  attendant  from  the  stage  by  a green  light;  the  increase  of  current 

by  a red  light.  In  Munich  coloured  light  is  produced  by  placing  red  or  blue 

gelatine  screens  before  the  lamps  of  the  several  groups.  Fig.  586  represents 

an  arrangement  for  one  group.  The  iron  tube  T carries  the  reflector  r,  having 

unnrflr  T horizontal  portion.  The  tube  t rests  with  its  ends 

SrtTde  R “ ''"’“‘J'" <='  of  »Woh  can  be  thrown  back  on 

as  reL  rti  I”  a ' '''"“tor  can  be  turned 

HTef  for  ,t'- a ’r  gelatine  cylinder 

pen  for  one-third  of  their  circumference.  Coloured  light  is  obtained  by 

.hi  d fo  ed tlr " Tr  ^ 8--'  ‘ho 

Doint  hm  th,  . ^his  arrangement  facilitates  the  regulation  from  a central 

L required  ^tteTge  ’' 
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The  National  Theatre,  Buda-Pesth,  has  an  apparatus  made  by  the  firm  of 
Ganz  and  Co.  Here  four  machines,  for  producing  alternating  currents, 
supply  the  necessary  current ; the  colour  effects  are 
produced  by  three  different  groups  of  lamps,  each 
group  having  a separate  circuit ; one  group  of  these 
lamps  remains  uncovered,  the  second  group  is 
covered  by  red,  and  the  third  group  by  green  glass 
plates  (Fig.  587).  By  using  the  alternating  current 
machines  of  twelve  circuits  each  (altogether  forty- 
eight  circuits),  the  light  regulation  is  effected  without 
the  insertion  of  resistances.  Each  group  of  lamps 
is  lighted  by  means  of  the  corresponding  number 
of  the  forty-eight  circuits,  each  of  which  forms  a 
separate  source  of  electricity.  The  lamps  of  the 
auditorium  have,  for  instance,  nine  of  such  sources  of 
current,  and  can,  therefore,  have  nine  different  de- 
grees of  intensity.  The  footlights  receive  twenty-one  currents,  which  can  be 
collected  and  distributed  by  a commutator,  so  that  each  group  of  ten  lamps  can 
be  regulated  separately,  or  all  the  groups  can  be  manipulated  together. 


Fig.  587. — Colour  Apparatus. 


Fig.  588 Sunrise  Apparatus.  Fig-  589.  — Apparatus  for  Illuminating  Actors. 


Apparatus  for  imitating  natural  phenomena,  and  for  throwing  the  light 
upon  individuals,  etc.,  is  very  often  used.  Fig.  588  represents  the  apparatus 
which  Duboscq  devised  for  the  representation  of  sunrise  in  the  opera  “The 
Prophet ; ” it  consists  of  a Foucault-Duboscq  regulator  fitted  with  a parabolical 
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concave  mirror.  The  parallel  pencils  of  rays  are  allowed  to  fall  upon  a trans 
parent  screen,  producing  a circular  disc  of  intense  brilliancy;  tliis  disc  can 
be  made  to  move  by  moving  the  apparatus.  The  ordinary  apparatus  used 


■For  Rainbow  Effects. 


Fig-  S9I-— Trouvd’s  Electric  Jewels. 


lTrainb°ow?^h?  the  actors  is  shown  in  Fig.  589.  For  the  imitation 

serves  the  F^g-.59o  is  used;  the  lens  between  slit  and  prism 

deviation  o/the  rabLw””''^"^'''^'"^  of  increasing  the 

have  a verv  smnll^^r  makes  use  of  glow  lamps,  the  carbons  o-f  which 

very  small  resistance,  for  his  jewels.  Fig.  591  represents  a hair-pin. 
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In  case  of  damage  the  lamp  is  easily  replaced  by  a new  one.  The  wires  lead  to 
a battery  consisting  of  zinc  and  carbon  rods  immersed  in  potassium  bichromate ; 
this  battery  is  enclosed  in  a box  of  gutta-percha.  These  batteries  with  cases 
only  weigh  io‘5  ounces,  and  supply  to  lamps  a current  with  a p.d.  of  2 to  3 
volts  for  about  thirty  minutes.  The  battery  box  is  prismatically  shaped  ; the 
shortest  edges  are  i'4  inches,  the  longest  about  2 ‘5  inches  long.  In  the 


Fig  592. — Diadem  Apparatus. 

ballet  of  the  opera,  “ La  Farandole,”  faint  glow  lights  resembling  will-o’-the- 
wisps  {ignis  fatuus)  played  on  the  heads  of  the  dancers.  These  are  producea 
by  the  apparatus  shown  in  Fig.  592-  The  dancer  wears  on  her  head  a metal  ring 
holding  a glow  lamp  and  a star-shaped  metallic  mirror,  upon  which  pieces  of 
green  glass°are  fastened.  The  two  elements  which  supply  the  lamp  with  the 
current  are  contained  in  the  vessels  a and  b,  fastened  to  a belt.  At  ^ is  a 
smart  current -breaker  which  enables  the  dancer  to  put  the  light  in  or  out 
The  battery  consists  of  a chloride  of  silver  element  arranged  as  in  Scrivanow’s 
battery.  {See  page  43i-) 

Electric  Light  for  Printing- Rooms.— The  unhealthy  effects  of  gas  are 
especially  felt  by  workmen  in  establishments  where  it  is  necessary  to  work  very 


Fig.  594.  — Electric  Light  in  Messrs.  Jaeneckc’s  Printing  Office,  Hanover. 
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near  to  the  light.  The  printing-office  of  Messrs.  Jaenecke  Brothers,  in  Hanover, 
was  fitted  with  an  electric  lighting  system,  executed  by  Uppenborn  and  Gacken- 
holz.  d he  lamps  were  placed  in  the  machine  rooms,  two  composing-rooms,  and 
a lithographic  room,  which  have  125  Edison  lamps  of  eight  candles,  eight  lamps 
of  ten  candles,  and  four  lamps  of  sixteen  candles,  distributed  as  follows  : 


Lamps  of  8 candles. 

Lamps  of  10  candles. 

Lamps  of  16  candles. 

Machine  room  ... 

i6 

6 ...  — 

No.  I composing-room  ... 

52  ■ ... 

— ...  2 

No.  2 ,,  „ ... 

50 

I 

2 

Lithographic  room 

6 

I ...  

Steam-engine  room 

I 

...  

In  an  arrangement  like  this,  it  is  necessary  that  the  lamps  should  be  simple, 
easily  managed,  and  cheap.  Three  lamps  of  eight-candle  power  give  light 
to  the  central  passage  of  the  printing-room.  These  lamps  are  simply  screwed 
to  gas  tubes  which  hang 
from  the  ceiling,  and 
the  wires  are  conducted 
inside  the  gas  tubes. 

This  manner  of  fasten- 
ing the  lamps  could  not 
be  adopted  for  the 
lamps  intended  to  give 
light  to  the  men  work- 
ing at  the  printing  ma- 
chines, as  the  lamps 
employed  must  be 
movable.  They  are 
therefore  constructed  as 
follows : To  the  lower 

end  of  the  vertical  gas 
tube  a rod,  bent  into  the  Fig-  593-— Lamps  for  a Printer’s  Composing-room, 
form  of  a trapezium,  is 

fastened;  in  this  the  lamp,  with  its  reflector,  is  hung.  Fig.  594  gives  a general 
view  of  the  printing-room.  The  trapezium  moves  in  a semicircle  about  the  gas 
tube,  and  the  lamp  itself  along  the  base  of  the  trapezium.  The  lamp  can 
thereby  assume  any  position  within  a certain  radius.  It  is  connected  by  means 
of  a flexible  cable  with  the  conducting  iron,  which  comes  out  of  the  gas  tube. 
This  room  has  also  a set  of  hand-lamps,  which  are  supplied  with  currents  from 
leads  which  are  found  at  every  window-pillar  in  the  room,  and  are  connected 
with  Edison’s  contact  boxes.  Each  of  the  plugs  has  a leaden  fuse  attached 
to  guard  against  currents  which  are  too  strong.  The  lamps  used  in  the  com- 
posing-rooms are  shown  in  Fig.  593. 

The  Lighting  of  Railway  Stations. — The  electric  light  has  proved 
of  such  advantage  for  railway  stations,  that  ;dready  almost  all  the  larger  stations 


& 

hi 


Fig.  595.  — Electric  Light  Installation  at  the  Railway  Station,  Strasburg.  Arc  Lights  denoted  by 
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have  a system  of  electric  lighting.  A good  example  of  the  method  followed  is  the 
mstallatmn  at  the  central  station,  Strasburg,  opened  in  August,  1883.  The  position 
of  the  different  buildings,  lines,  etc.,  may  be  seen  from  Fig.  595.  The  machine 
room  is  divided  by  a passage,  on  one  side  of  which  are  placed  fourteen 
continuous  current  machines,  by  Siemens,  for  feeding  60  arc  lamps,  and  on 
the  other  side  three  Edison  machines  for  250  lamps,  of  16  normal  candle- 
power  each,  and  another  machine  for  450  of  such  lamps.  Each  side  has 
three  compound  steam  engines  of  45  horse-power,  making  150  revolutions  per 
minute.  The  Siemens  continuous  current  machines  feed  the  60  arc  lights,  so  that 
for  every  machine  there  are  five  lamps  supplied  with  9 amperes  at  about  45  volts. 
Two  of  these  machines  serve  as  reserves.  All  the  machines  are  connected  by 
means  of  underground  wires  to  a commutator,  from  which  the  leads  go  to  the 


several  lamp  circuits.  Fig.  596  shows  the  arrangement  for  five  machines  and 
25  lamps.  The  positive  brushes  of  the  machines  are  connected  with  the  metal 
rails  I to  5 of  the  commutator  marked  -f,  the  negative  brushes  with  the  rails 
I to  5 of  the  commutator  marked  — . The  metal  rails  crossing  each  other  at 
right  angles  are  well  insulated  from  each  other,*  and  are  connected  with  the 
corresponding  poles  of  the  lamp  circuits.  These  rails  can  be  joined  in  couples 
by  having  a plug  inserted  at  the  point  where  they  cross.  This  arrangement 
permits  the  connection  of  any  of  the  lamp  circuits  with  the  different  machines. 
If,  for  instance,  it  were  required  that  machine  4 should  feed  the  lamps  of 
circuit  B,  plugs  would  have  to  be  inserted  at  the  point  of  crossing  of  rails  4 
and  B,  at  the  -b  and  — ends.  The  leads  are  all  underground ; but  those  of  the 
arc  lamps  consist  of  Siemens’  patent  cables  having  a length  of  14,200  yards. 
The  currents  intended  to  feed  the  glow  lamps  have  first  to  pass  a regulator,  so 
as  to  obtain  a constant  potential  between  the  poles,  and  then  to  pass  througn 
the  leads  as  constructed  by  Edison,  which  have  been  already  described. 
The,  lamps  for  the  arc  light  are  Siemens’  differential  lamps  for  continuous 
currents. 
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Lighting  in  Railway  Trains.— The  electric  light  may  not  only  be  used 
advantageously  for  the  lighting  of  railway  stations,  but  also  for  the  lighting  of 
the  rolling  stock.  A special  locomotive  engine-lamp,  invented  by  Sedlaczek- 
VVilkulill,  was  described  in  the  previous  edition  of  this  book  ; this  lamp  is  placed 
in  a lantern  containing  a reflector,  which  is  fastened  to  the  chimney  of  the 
engine.  The  lamp  can  be  moved  sideways  from  the  driving-platform,  to  throw 
light  on  curves,  etc.  By  means  of  a light  of  4,000  normal  candle-power  it  is 
possible  to  see  as  far  as  a mile  and  a quarter,  and  the  lights  of  signals  are  not  at 
all  affected,  but  are  distinctly  recognised  at  great  distances.  In  spite  of  the 
jolting  to  which  the  lamp  on  the  engine  is  exposed,  it  burns  with  a steady  and 
quiet  light.  The  current  for  the  lamp  is  supplied  by  a Schuckert  flat-ring 
machine,  which  is  set  in  motion  by  a Brotherhood  steam-engine,  which  receives 
steam  from  the  boiler  of  the  locomotive  engine.  The  dynamo  on  the  steam 
engine  was  generally  fastened  in  front  of  the  boiler.  The  chief  engineer, 
M.  Pollitzer,  says  in  his  report  of  the  Exhibition  at  Vienna  ; “ Such  an  arrange- 
ment is  of  great  importance  for  tunnel  examinations,  night  work,  etc. ; it  is  also 
the  cheapest  system  of  electric  lighting,  because  no  separate  steam  generation 
is  required.” 

But  by  far  the  greatest  field  for  the  use  of  the  electric  light  in  connection 
with  railway  trains  is  in  the  lighting  of  passenger  carriages.  For  many  years  the 
Midland,  the  Brighton  and  South  Coast,  and  other  railway  companies  have  used 
this  illuminant  on  certain  of  their  trains.  Its  advantages  over  gas,  oil,  and  other 
illuminants  are  obvious.  Several  methods  have  been  employed  to  furnish  current 
to  the  lamps.  In  some  cases  a secondary  battery  of  sufficient  capacity  to  supply 
the  energy  required  for  one  or  more  round  trips  is  placed  in  the  guard’s  van,  and 
is  charged  at  intervals  by  means  of  a stationary  engine  and  dynamo.  For  this 
purpose  the  battery  is  either  removed  from  the  van,  or  the  van  itself  is  run 
alongside  the  engine-house.  In  other  cases,  a dynamo  driven  from  the  axle  of 
one  pair  of  wheels  is  used  to  generate  current,  but  as  the  dynamo  so  driven 
would  stop  when  the  train  stopped,  secondary  batteries  have  to  be  used  as 
a reserve,  and  an  automatic  switch  is  arranged  to  break  the  connection  to  the 
dynamo  whenever  the  e.  m.  f.*  of  the  latter  falls  below  a certain  amount,  thus 
preventing  the  secondary  cells  discharging  through  the  dynamo  circuits.  Yet 
again  a small  Brotherhood  or  other  engine,  supplied  with  steam  from  the 
locomotive  boiler,  has  been  used  to  drive  the  dynamo,  the  engine  and  dynamo 
being  placed  either  on  the  locomotive  itself,  or  in  a guard’s  van  or  special  truck 
immediately  behind  the  locomotive. 

Lighthouses  and  Harbours.— The  electric  light  is  used  for  lighthouses, 
on  ships,  harbours,  etc.  Experiments  with  electricity  for  this  purpose  were  made 
for  the  first  time  under  Faraday’s  direction,  at  Blackwall  lighthouse,  in  1857,  then 
at  the  South  Foreland  in  1858,  and  at  Dungeness  in  1862.  The  result  was  not  at 
first  very  satisfactory,  owing  to  the  inefficiency  of  the  machines,  but  the  results 
obtained  later  on  by  means  of  the  Alliance  machines  gave  rise  to  renewed  studies 
and  experiments.  Lighthouses  are  not  only  distinguished  from  each  other  by 
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their  lights,  but  also  by  the  manner  in  which  they  display  them  ; as  regards  the 
intensity  of  their  light  we  distinguish  between  lighthouses  of  the  first,  second, 
and  third  order,  etc.  Lighthouses  of  the  first  order  have  large  lights'  and  are 
used  at  points  of  importance.  The 
light  of  some  is  arranged  so  as  to  light 
up  the  whole  of  the  horizon  ; of  others 
two-thirds  of  the  horizon ; and  so  on. 

The  seaman  must  also  be  able  to  re- 
cognise the  different  lighthouses  by  the 
peculiarity  of  their  lights.  We  have, 
therefore,  lights  that  increase  and  di- 
minish in  intensity ; others  that  give 
out  coloured  lights  at  certain  intervals, 
etc.  The  distance  that  these  lights 
can  be  seen  depends  upon  the  in- 
tensity of  the  light  itself,  its  height 
above  the  sea-level,  and  the  medium. 

Fog  diminishes  the  distance  consider- 
ably. The  distance  through  which  the 
light  is  seen  will  still  further  be  di- 
minished if  the  source  of  light  be 
richer  in  violet  than  in  red  rays. 

The  arc  light,  being  richer  in  violet 
rays  than  the  light  of  an  oil-lamp, 
will  be  ^ considerably  more  weakened 
through  fog  'than  the  latter ; practi- 
cally, however,  the  electric  light,  even 
under  these  circumstances,  is  superior 
to  oil,  owing  to  its  far  greater  intensity. 

To  send  the  concentrated  light  in  the 
desired  direction,  concave  metallic  mir- 
rors were  formerly  used ; practice,  how- 
ever, soon  proved  these  to  be  easily 
affected  by  atmospheric  influences.  In 
place  of  a reflecting  apparatus,  refract- 
ing discs  are  used  at  present,  ap- 
paratus consisting  of  glass  lenses  and 
prisms,  arranged  on  a plan ' suggested 
by  the  celebrated  physicist  Fresnel.  These  compound  lenses  have  been  manu- 
factured for  some  time  by  the  firm  of  Sautter,  Lemonnier,  et  Cie.,  Paris,  also 
by  Messrs.  Chance,  in  Great  Britain ; but  have  recently  been  also  manufactured 
by  the  Vienna  firm  of  E.  Kraft  und  Sohn.  Fig.  597  represents  the  optical 
apparatus  constructed  by  the  Paris  firm  for  the  lighthouse  on  the  island  of 
Razza,  in  the  Bay  of  Rio  Janeiro.  The  light  consists  of  two  white  flashes 


Fig.  597. — Apparatus  for  Lighthouse. 
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and  one  red,  at  an  interval  of  fifteen  seconds  between  each  series  of  flashes. 
Underneath  the  lantern,  which  is  3''8  yards  in  diameter,  is  placed  the  motor 
from  which  the  motion  is  transmitted  by  means  of  the  tube  p p,  and  toothed 
wheels.  By  means  of  the  lever  a the  optical  apparatus  can  be  arrested  in 
its  motion.  The  screws  G serve  to  centralise  the  apparatus.  As  it  is  essential 
that  the  light  should  not  be  interrupted,  precautions  have  been  taken  accordingly. 
Should  the  lamp  become  inactive,  it  is  easily  replaced  by  a second  one.  The 
platform  upon  which  the  lamp  is  placed  moves  about  a vertical  axis  in  such 
a manner  that  the  second  lamp  can  easily  be  made  to  take  the  position  of  the 
first.  To  guard  against  unforeseen  circumstances  an  oil  lamp  is  also  arranged 
on  a support,  which  can  be  brought  to  take  the  position  of  the  first  lamp  by 
moving  the  platform.  The  oil-lamp  in  the  figure  has  dotted  lines.  Two 
Gramme  continuous  current  machines,  one  of  which  serves  as  an  auxiliary, 
supply  currents.  As  motors,  two  lo  horse-power  steam  engines,  by  Chaligny, 
are  used.  At  some  of  the  French  lighthouses  Alliance  machines  are  still  in 
use ; sometimes,  however,  magneto-electric  machines  by  De  Mdritens  are  pre- 
ferred for  this  purpose. 

The  lighthouses  at  La  Hfeve  stand  on  the  high  rock  of  the  same  name ; but 
they  themselves  are  only  of  moderate  height ; between  the  towers,  which  are 
about  65  yards  distant  from  each  other,  is  the  machine  house,  containing  four 
Alliance  machines — two  machines  for  each  tower.  For  ordinary  purposes, 
however,  only  one  machine  is  required  for  each  tower,  and  only  during  fogs, 
storms,  etc.,  are  both  machines  worked.  Each  tower  has  four  lamps,  but  this 
has  proved  an  unnecessary  precaution.  Fig.  598  represents  the  lighthouses 
as  they  appear  at  night. 

The  Electric  Light  on  Ships. — The  electric  light  is  of  great  service  on 
board  ship,  and  especially  for  purposes  of  reconnoitring,  etc.,  on  war  vessels. 
The  greatest  mission  of  the  electric  light  in  a future  war,  no  doubt,  will  be  the 
warding  off  of  torpedo  boats,  and  to  this  use  great  attention  is  being  paid  by  all 
nations.  Some  torpedo  boats  are  from  95  to  130  feet  in  length,  by  a breadth  of 
about  6’5  feet,  and  less  than  i yard  water  draught.  In  the  fore  portion  of  the 
vessel  is  arranged  the  apparatus  for  throwing  the  torpedo  overboard.  Consider- 
ing that  these  little  boats  move  with  great  rapidity,  and  are  not  easily  detected, 
as  they  emit  no  smoke  from  their  chimneys,  means  must  be  found  to  prevent 
their  approach.  The  man-of-war  is  now  only  surrounded  by  nets  when  at 
anchor  or  steaming  slowly ; the  nets  cannot  well  be  used  when  going  at  full 
speed. 

If  torpedo  boats  are  to  be  made  harmless,  they  must  be  made  visible, 
which  seems  only  possible  by  means  of  a powerful  electric  light.  Hence 
raen-of-war  must  be  provided  with  the  electric  light.  A machine  very  frequently 
used  for  marine  purposes  is  the  Gramme  continuous  current  machine.  The 
German  navy  uses  Siemens  machines,  and  quite  recently  the  Chinese  ironclad, 
Ttng-Yuen,  has  been  provided  with  Schuckert  machines.  For  motors,  high-  ' 
speedy  steam  engines  are  mostly  used,  the  shafts  of  which  are  directly  coupled 


Fig-  598. —Lighthouses  at  La  lUve. 
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to  the  shafts  of  the  dynamos.  Such  motors  are  constructed  by  Brotherhood, 
Dolgoroucki,  and  many  others.  These  motors,  as  a rule,  are  supplied  with 
steam  from  the  ship’s  boiler ; it  is,  however,  better  to  use  separate  boilers,  so 
that  the  light  may  be  used  at  all  times.  As  regards  the  style  of  lamps,  those  are 
most  frequently  used  that  can  be  regulated  by  hand,  because  the  mechanism  of 


most  lamps  does  not  act  reliably,  owing  to  the  motion  of  the  vessel.  For  dgnal 
lights,  however,  a hand  regulator  would  not  be  practicable,  and  for  this  purpose 
lamps  are  made  by  most  arc-lamp  manufacturers. 

Mangin’s  Projector.— The  lamps  by  Sautter,  Lemonnier  et  Cie.,  and  pro- 
jectors by  Mangin,  shown  in  Figs.  599  and  600,  are  much  used  for  navies.  The 
amp  IS  fastened  to  a metallic  case^^,  bent  at  an  angle  of  30°.  This  position 
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brings  horizontal  the  direction  of  greatest  intensity  of  the  light  from  a con- 
tinuous current  arc  lamp.  To  light  the  lamp,  the  upper  carbon-holder  k is 
brought  into  the  desired  position  by  means  of  the  joints  ?n  and  n ; the  wires 
are  then  fastened  to  the  terminals  of  the  lamp,  and  the  double  screw  a a is 
turned  by  means  of  wheel  b until  the  two  carbons  touch  each  other,  b is 
then  turned  in  the  opposite  direction,  and  the  arc  is  produced.  By  turning 
B the  carbons  will  move  away  from  each  other,  because  the  threads  a a 


Fig.  602. — Schuckert’s  Projector. 

are  cut  in  opposite  directions.  In  order  to  keep  the  burning  point  constant 
as  regards  position,  the  threads  of  the  screws  have  to  be  cut  in  proportion  of 
I to  2,  because  the  carbons  are  unequally  consumed.  Should  the  point  move, 
it  can  be  set  right  again  by  means  of  the  screw  c.  The  guiding  rod  z z prevents 
D D from  moving  sideways. 

Mangin’s  projector  consists  of  this  lamp,  placed  in  a cast-iron,  well-ventilated 
drum.  The  rays  emitted  by  the  arc  are  concentrated  by  the  concave  mirror  a. 
Glass  plates  or  lenses  at  G scatter  the  rays,  a consists  of  a glass  mirror,  silvered 
on  its  convex  side.  By  means  of  two  axes  any  position  may  be  given  to  the 
apparatus.  If  the  arc  is  exactly  opposite  to  the  focus  of  the  mirror,  the  pro- 
jector will  send  out  parallel  pencils  of  light ; but  if  the  lamp  is  moved  in  any 


Fig.  6oi. — Mangin’s  Projecting  Lamp  in  Use. 
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other  direction,  the  projector  will  produce  either  a scattered  or  a convergent  light 
The  effect  of  such  a projector  is  shown  in  Fig.  6oi.  Besides  the  Mangin  pro- 
jector, the  Austrian  navy  makes  use  of  an  auxiliary  projector,  devised  by 
le  engineer  M.  Burstyn  ; this  auxiliary  projector  consists  of  a metal  tube,  which 
IS  fastened  sideways  to  the  projector,  and  inside  this  metal  tube  there  is  a plane 
mirror,  movable  in  all  directions.  By  means  of  this  apparatus  light  can  be 

thrown  upon  objects  by  the  side  of  the  main 
stream  of  light.  The  projectors  by  Sautter, 
Lemonnier  et  Cie.,  Siemens,  and  Schuckert, 
which  are  furnished  with  a system  of  lenses, 
serve  the  same  purpose  as  Mangin’s. 

Schuckert’s  Projector.— This  appa. 
ratus  "was  constructed  for  the  Chinese  vessel 
Ting- Yuen  by  Schuckert;  the  back  view  of 
this  projector,  with  the  door  removed,  is 
shown  in  Fig.  602.  The  lamp  is  similar  to 
the  one  just  now  described;  the  two  guiding 
rods  are  insulated  above  and  below,  and  the 
lower  guiding  piece  is  insulated  from  the 
screw.  The  current  passes  through  the  me- 
tallic portions  of  the  projector  into  the  screw 
and  the  upper  guiding  piece,  and  so  through 
the  carbons  and  the  flexible  cable,  which  is 
connected  with  the  right-hand  guide  bar  lead- 
ing to  the  terminal.  The  lamp  can  be 
moved  in  various  directions  by  means  of 
slides  and  screws,  for  the  purpose  of  centring 
the  arc.  The  rays  of  light  are  caught  by 
a mirror  fastened  to  the  guiding  rods  of  the 
______  lamp  (left  out  in  the  figure),  and  thrown 

Fig.  603.— Projector  for  llie  Suez  Canal,  forward  upon  the  lenses.  A cylindric  dis- 
persing lens  might  be  placed  before  the 
Fresnel  lenses,  in  order  to  spread  the  pencils  in  a horizontal  direction. 


Suez  Canal  Navigation.— The  use  of  the  electric  light  has  very  largely 
increased  the  earning  capacity  of  the  Suez  Canal,  and  simultaneously  its  usefulness 
to  the  commerce  of  the  world  and  especially  of  Great  Britain.  Formerly  the  navi- 
gation of  the  canal  at  night-time  was  absolutely  prohibited,  because  of  the  danger 
of  the  vessels  grounding,  and  thus  blocking  the  canal  as  well  as  damaging  its 
banks.  This  danger  is  due  to  the  narrowness  and  shallowness  of  the  channel 
and  to  the  slow  speed  at  which,  according  to  the  regulations,  vessels  must 
proceed.  The  enormous  increase  in  the  traffic,  however,  led  to  experiments,  and 
in  1885  mail  steamers  and  vessels  of  war  were  allowed  to  proceed  at  night  if 
provided  with  electric  lights  sufficiently  powerful  to  properly  illuminate  the 
channel.  This  permission  was  afterwards  extended  to  all  other  vessels. 
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The  chief  light  used  is  a powerful  search  light  capable  of  throwing  a beam 
1,300  yards,  and  which  must  be  carried  in  front  of  the  vessel  as  close  to  the 
water-line  as  possible,  so  that  the  direct  rays  may  not  dazzle  the  pilot  on  the 
bridge.  For  this  purpose  a cage  (Fig.  603),  carrying  a projector  and  a seat  for  an 
attendant,  is  lowered  over  the  bows  just  in  front  of  the  stem.  The  optical 
arrangement  of  the  projector  shown  in  the  illustration  was  designed  by  Messrs. 
Chance,  of  Birmingham.  The  light  falling  on  a spherical  silvered  mirror  at  the 
back  is  thrown  forward  in  a parallel  beam  and  falls  upon  a series  of  plano- 
cylindric  lenses  in  front  which  spread  it  out  in  a broad  horizontal  and  fan-like 
beam,  diverging  at  an  angle  of  20*^.  This  beam  can  be  directed  on  any  spot  by 
the  attendant,  who  is  usually  in  telephonic  communication  with  the  pilot.  An 
ordinary  arc  lamp,  with  a reflector,  has  also  to  be  fixed  to  the  mast  at  such  a 
height  as  to  illuminate  a circle  of  about  220  yards  in  diameter. 

The  electric  current  for  these  lamps  is  now  usually  supplied  from  the 
permanent  electric  light  installation  on  the  steamer,  but  any  steamer  destitute  of 
such  appliances  can  borrow  the  necessary  engine,  dynamo,  and  lamps,  on  entering 
the  canal,  and  put  them  on  shore  again  after  it  has  passed  through. 

The  canal  traffic,  which  in  1884  was  3,284  ships  of  5,871,500  tons,  had 
increased  in  1891  to  4,206  ships  and  8,699,020  tons,  and  a great  part  of  the 
increase  has  certainly  been  rendered  possible  by  the  use  of  the  electric  light. 

Similar  arrangements  to  the  above  are  obviously  useful  wherever  a narrow  or 
tortuous  channel  has  to  be  navigated  at  night-time,  and  as  a matter  of  fact  they 
are  widely  used  for  such  purposes. 

The  Lighting  of  Passenger  Ships. — The  advantages  of  the  electric 
light  for  the  artificial  illumination  of  large  passenger  ships  was  early  recognised, 
and  its  provision  is  now  almost  a sine  qua  non.,  at  least  in  newly-built  vessels.  To 
enumerate  the  ships  in  which  it  has  been  adopted  would  amount  practically  to 
giving-a  list  of  almost  all  the  large  passenger  ships  afloat.  As  an  example  of  one 
of  the  earlier  installations,  we  may  cite  the  case  of  the  Arizona,  a large  steamei 
sailing  between  Liverpool  and  New  York,  which  was  lighted  with  300  Swan 
lamps  for  which  two  Siemens  continuous  current  machines  supplied  the  current. 
Shark’s  Caledonian  engines,  which  transmit  their  power  by  means  of  ropes, 
were  used  to  drive  these  dynamos,  as  shown  in  Fig.  604. 

The  electric  apparatus  for  the  packet  Normandie  was  furnished  by  the  firm  of 
Siemens,  London.  To  light  the  machine-room,  boiler,  goods-rooms,  and  outside 
places,  sixteen  differential  lamps  were  used.  390  Swan  lamps  lit  the  cabins, 
passages,  and  saloons.  Two  continuous  current  machines  and  one  alternatincr 
current  machine  furnished  currents  for  these  lamps,  as  well  as  a secondary  battery 
of  fifty  Faure’s  cells.  Each  of  the  continuous  current  machines  was  capable  of 
supplying  300  Swan  lamps  with  current,  so  that  only  one  machine  was  worked, 
and  the  other  was  kept  as  a reserve.  The  alternating  current  machine  fed  ninety 
Swan  lamps  and  the  sixteen  arc  lamps,  of  which  twelve  could  be  used  at  the 
same  time.  The  dynamo  machines  were  driven  by  steam  engines  which  were 
independent  of  each  other.  The  secondary  cells  were  intended  for  use  in  case 
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of  accident,  or  while  the  dynamo  machines  were  undergoing  repairs,  and  could 
be  charged  by  either  of  the  continuous  current  machines. 

Almost  without  exception  the  generators  now  employed  for  ship-lighting  are 


slow-speed  dynamos  coupled  directly  to  high-speed  engines,  and  designed  to 
occupy  as  little  space  as  possible. 

The  Lighting  of  Harbours. — Harbours  where  ships  can  enter  only  with 
the  tide  require  strong  light.  The  harbour  of  Havre  is  of  this  kind,  and  in 


Fig.  605. — Electric  Illumination  at  Havre  Harbour- 
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order  that  ships  may  enter  whenever  the  tide  serves  a widely  distributed  system 
of  electric  lighting  has  been  adopted.  A general  idea  of  the  disposition  of  the 
lights  and  the  way  in  which  they  illuminate  the  various  channels  may  be  gathered 
from  Fig.  605. 

Street  Lighting. — Electric  lighting  for  streets  and  public  places  is  more 
used  in  America  than  in  Europe.  A greater  regularity  and  more  perfect  results, 
however,  have  been  attained  in  the  systems  adopted  in  European  towns. 

The  first  trial  for  public  places  and  streets  was  made  in  1877,  in  the  Avenue 
de  rOp^ra,  Paris  ; the  Jablochkoff  candles  used  here,  however,  did  not  give 
satisfactory  results,  owing  to  the  unsteady  and  coloured  light  produced.  In 


Fig.  606. — Dumas’s  Portable  Lanjp.  Fig.  607. — Pitkin’s  Miner’s  Lamp. 


1S79  Siemens  and  Halske  had  a trial  lighting  of  the  Kaiser  Gallerie,  Berlin,  using 
a divided  arc  light  for  the  first  time  in  the  differential  lamp. 

Portable  Lights. — For  many  domestic  and  other  purposes  only  very 
small  lights  are  required,  and  the  lights  must  be  enclosed  in  air-tight  globes ; 
such  lights,  for  instance,  would  be  serviceable  for  rooms  containing  explosive 
matter,  and  coal  mines.  To  the  oldest  movable  electric  lamps,  if  this  name 
may  be  applied  to  the  apparatus,  belongs  the  lamp  devised  by  Dumas  and 
Benoit  (Fig.  606).  It  consists  of  a Geissler  tube,  having  the  form  of  a spiral, 
enclosed  for  protection  in  a cylinder.  The  Geissler  tube  is  made  to  glow  by 
means  of  an  induced  current.  The  induction  apparatus  is  placed  in  the  leather 
case  together  with  two  cells.  This  apparatus,  however,  ought  not  to  be  used 
in  places  containing  explosive  gases ; for,  in  spite  of  the  most  careful  insulation, 
sparks  might  be  produced  which  would  cause  an  explosion  of  the  gases.  Fig.  607 
represents  a miner’s  lamp  manufactured  by  Pitkin.  The  box  contains  a battery 
of  small  secondary  cells  so  sealed  in  that  no  acid  can  be  spilled  even  if  the  box 
be  overturned. 
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Medical  Uses  of  Electric  Light-Specula.— The  science  of  medicine 
owes  much  to  the  artificial  sources  of  light  for  means  of  examining  such 
portions  of  the  body  as  cannot  be  directly  seen.  As  instances  we  may  mentiorj 

the  larynx  mirror  used  by  Liston,  1840,  and 
reintroduced  by  Czermak,  1858,  and  the  eye 
mirror  (speculum  oculi),  with  the  help  of  which 
Helmholtz  obtained  for  the  first  time  a sight  of 
the  structure  of  the  living  eye,  etc.  As  a rule, 
day-light  or  a lamp  is  used  for  such  examina- 


Fig.  6og. -Frontal  Apparatus. 


tions,  the  rays  being  concentrated  by  means 
of  a concave  mirror  j but,  as  we  shall  now 
show,  the  use  of  a glow  light  in  such  cases 
is  extending.  A second  method  of  making  the 
body  under  examination  visible  is  to  introduce 
the  source  of  light  itself,  and  for  this  purpose 
the  electric  light  alone  can  be  used. 

Hedinger,  in  Stuttgart,  uses  for  the  exami- 
nation of  the  ear  and  nose  the  simple  apparatus 
with  reflected  light  shown  in  Fig.  608.  It  consists  of  a small  concave  mirror, 
before  which  a platinum  spiral  is  stretched,  the  ends  of  which  are  connected 
with  conducting  wires  insulated  from  each  other  and  leading  to  a low  resistance 
battery.  When  contact  is  made,  the  wire  becomes  heated,  and  by  means  of 
t e concave  mirror  sends  the  light  to  the  place  under  examination.  The  mirror 
as  a hole  at  its  optical  centre  for  observations.  More  recently  an  apparatus 


Fig.  608.— Aural  and  Nasal 
Apparatus. 
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with  stronger  light  has  been  exhibited  by  several  instrument  makers,  under  cuch 
names  as  a Traumatoscope,  Frontal-Photophore,  etc.  Fig.  609  represents  such 
an  apparatus  consisting  of  a glow  lamp  placed  in  a short  cylinder,  which  has  a 
lens  in  front  and  a concave  mirror  at  the  back.  The  whole  apparatus  is  con- 
structed by  Jirasko,  of  Vienna;  it  weighs  from  10-5  to  14  ounces,  and  the 
lamp  has  an  intensity  of  twelve  candle  power.  If  the  light  is  to  be  introduced 
into  a cavity,  such  as  the  stomach,  the  platinum  wire  has  to  be  surrounded  by  a 
tube  round  which  water  circulates. 


Fig.  610. — Leiter’s  Apparatus. 


Leiter,  of  Vienna,  has  constructed  a series  of  apparatus  which  differ  in  form 
according  to  the  purposes  they  are  intended  to  serve,  but  are  similar  in  principle. 
To  the  metal  holder  kk  (Fig.  6io)  is  fastened  the  funnel  /,  and  the  silver  rod  with 
its  three  channels  a,  b,  and  f.  Channel  a is  connected  with  the  water  pijie  d,  and 
channel  b with  the  discharge  tube  e.  The  direction  of  the  water  is  indicated  by 
arrows.  A silver  wire  g,  terminating  in  a cup  at  //,  enters /at  i.  To  insulate  this 
silver  wire  a fine  capillary  glass  tube  is  placed  over  it.  The  cup  h is  made  to  hold 
one  end  of  the  platinum  wire,  as  shown  in  the  separate  diagram  a in  Fig.  610. 
The  second  end  of  the  platinum  wire  is  fastened  in  the  same  manner;  the  cup 
is  not  insulated  from  the  silver  rod,  and  therefore  is  in  electrical  connection 
with  the  metal  holder  k k.  d represents  a cross  section  of  the  rod  c.  G shows 
the  instrument  ready  for  use.  The  observation  tube  a a is  drawn  separately ; the 
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water  circulates  through  the  tubes  i and  h.  Contact  is  made  and  broken  by 
means  of  the  spring  clip  e e.  The  lighting  rod,  as  may  be  seen  from  the  cross 
section,  takes  up  only  a very  small  portion  of  the  observation  tube,  f and  e 
represent  the  different  forms  of  the  observation  tubes. 


Fig.  611.  — Gastroscope  in  Use. 


The  gastroscope  has  to  be  bent,  as  shown  in  Fig.  61 1.  Prisms  arranged  in 
the  bend  of  the  tube  allow  an  insight  into  the  stomach.  The  arrangements  for 
current  and  water  supply  are  the  same  as  already  described.  The  gastroscope 
has,  however,  in  addition  a fine  channel  through  which  air  is  forced  by  means  of 
India-rubber  balls,  in  order  to  inflate  the  stomach. 
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PUBLIC  SUPPLY  CENTRAL  STATIONS. 

Since  the  issue  of  the  last  edition  of  this  book,  the  provision  for  the  supply  of 
electrical  energy  by  companies  or  corporate  bodies  to  all  private  consumers 
within  the  limits  of  specified  districts  has  been  largely  developed,  until  at  the 
present  time  most  large  towns  in  this  country,  and  on  the  continent  of  Europe, 
have  one  or  more  stations  from  which  such  a supply  can  be  obtained.  In  the 
United  States  of  America  such  facilities  have  been  longer  at  the  service  of 
private  individuals,  because,  where  the  energy  has  to  be  used  for  lighting 
purposes,  the  high  price  of  gas,  compared  to  what  it  is  in  Great  Britain,  makes 
its  competition  with  the  electric  light  much  less  formidable.  Thus  the  cost  ot 
production  of  the  electric  energy  had  to  be  brought  much  lower  in  Britain  ■ 
before  it  could  compete  there  with  the  older-established  illuminant.  That 
point  has  now  been  reached,  and  as  a result,  a rapid  extension  of  the  means  for 
supplying  electrical  energy  to  the  general  public  is  in  full  swing  throughout  these  ' 
islands  and  on  the  Continent. 

The  use  of  the  electrical  energy  obtained  from  such  sources  is,  of  course,  not  * 
confined  to  mere  illuminating  purposes,  but  up  to  the  present  this  has  been  the 
direction  in  which  by  far  the  greatest  demand  has  arisen.  In  the  not  distant 
future  it  is  more  than  probable  that  there  will  be  a large  demand  in  other  ; 
directions,  especially  for  a source  of  mechanical  power.  But  as  the  Electricity  ^ 
Supply  Companies  at  present  have  to  trust  most  to  the  use  of  the  electric  light  : 
to  keep  their  stations  running  profitably,  it  seems  more  appropriate  to  insert  a ; 
brief  description  of  a few  typical  stations  in  connection  with  our  consideration 
of  this  branch  of  the  subject,  rather  than  to  reserve  it  for  the  section  on  the 
“ Transmission  of  Power,”  to  which  it  perhaps  more  strictly  belongs. 

For  our  present  purpose  it  will  be  most  convenient  to  classify  the  various 
kinds  of  “ central  stations,”  as  they  are  often  called,  as  follows  : — 

1.  Low  pressure  continuous  current  stations  with  or  without  secondary 

batteries. 

2.  Medium  pressure  continuous  current  stations. 

3.  High-pressure  alternate  current  stations. 

t 

The  classification  is  partly  founded  on  the  Board  of  Trade  Regulations, 
which  describe  systems  in  which  the  pressure  does  not  e.xceed  300  volts  for 
continuous  or  150  volts  for  alternate  currents  as  “low-pressure  supply”  systems. 
Systems  using  higher  voltages,  up  to  3,000  volts,  are  termed  “ high-pressure  1 
supply  systems,”  whilst  those  in  which  the  pressure  exceeds  3,000  volts  are 
called  “ extra  high-pressure  ” systems.  For  our  purposes  it  will  be  convenient 
to  insert  between  the  low  and  high-pressure  systems  an  intermediate  class  in 
which  the  pressures  used  are  from  300  to  800  volts. 

There  are  numerous  stations  which  would  well  represent  the  first  and  last 
classes,  and  a fair  number  of  the  intermediate  class.  It  is,  of  course,  impossible, 
in  a limited  space  to  minutely  describe  all  of  these,  or  even  those  which,  though 
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belonging  to  a particular  class,  differ  hiitr  se  in  important  details.  We  must 
therefore  be  content  to  select  a few  which  seem  to  be  fairly  representative. 

But  before  many  of  the  considerations  which  play  a large  part  in  the 
designing  and  arrangement  of  a central  station  can  be  appreciated,  something 
should  be  known  of  the  corresponding  systems  of  distribution  which  have  been 
developed  during  the  last  few  years.  Though  in  many  instances  the  system 
adopted  is  intended  simply  for  the  supply  of  electric  light  to  a limited  area, 
the  same  laws  and  limitations  are  prominent  as  appear  in  the  general  problem  of 
the  distribution  of  electric  energy  for  any  purposes  whatever.  We  shall  therefore 
take  this  opportunity  of  dealing  briefly,  though  as  fully  as  our  space  will  permit, 
with  the  more  general  problem,  accompanying  the  description  of  each  system 
with  a reference  to  some  typical  central  station  which  uses  it. 

Systems  of  Distribution. — It  has  been  already  pointed  out  in  the  pre- 
ceding pages  that  the  activity  or  power  of  an  electric  current — that  is,  the  rate 
at  which  it  does  work — is  given  by  the  equation — 

w = EC  watts, 

where  c is  the  magnitude  of  the  current  in  amperes  and  e the  electromotive 
force  in  volts.  This  equation,  which  is  true  for  the  whole  circuit,  is  true  tor 
any  part  of  it.  Thus  the  work  {w)  done  per  second  by  the  current  c between 
two  points  whose  potential  difference  is  e is  given  by  the  equation — 

w — e c watts. 

Now,  in  all  problems  on  the  transmission  of  power  the  object  is  to  make  this 
quantity  w as  large  as  is  required  at  the  distant  station  ; but  if  R be  the  resist- 
ance of  the  conductors  used  to  convey  the  current  to  and  from  the  distant 
station,  we  know  by  Joule’s  law  that  the  heat  generated  per  second  in  the 
conductors  is  c^r  watts,  and  therefore 

w = Vf  — c^R. 


In  order,  therefore,  that  w may  be  as  large  as  possible  for  a given  value  of  w, 
the  term  c^r  must  be  made  as  small  as  possible.  This  can  be  done  in 
t^wo  ways.  First  by  diminishing  r,  which,  since  the  distance  that  the  power 
has  to  be  transmitted  may  be  regarded  as  fixed  by  the  conditions  of  the  par- 
ticular  problem,  can  only  be  accomplished  by  increasing  the  cross-section  of 
the  conductors.  This  method,  however,  in  most  cases  will  involve  heavy 
expenditure  of  capital,  since  the  weight,  and  therefore  the  cost,  of  the  copper 
conductors  increases  proportionately  with  the  cross-section.  ' The  term  c^r 
can,  however  be  much  more  satisfactorily  minimised  by  diminishing  c,  the 
term  w ( ec)  being  at  the  same  time  kept  constant  by  proportionally  increasing 
E,  the  e ectromotive  force  available  at  the  generating  station.  Thus  if  e be 
increased  twenty-fold,  and  c diminished  to  one-twentieth  of  its  former  value  w 
u ’ 
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will  remain  unaltered,  but  the  power  (c-r)  wasted  in  heating  the  same  conducting 
lines  will  be  only  one  four-hundredth  part  of  what  it  was  previously ; or  if  the 
object  be  to  diminish  the  cost  of  laying  the  line  rather  than  the  waste  heat,  then 
in  the  second  case  a conductor  of  one  four-hundredth  of  the  cross-section,  and 
therefore  costing  considerably  less,  will  suffice.  The  latter  case  occurs  where 
there  is  an  excess  of  water-power  available,  as,  for  instance,  in  the  problem  of 
conveying  the  power  of  the  Niagara  Falls  to  New  York,  where  the  heat  wasted 
during  transmission  would  be  to  a great  extent  immaterial,  but  the  cost  of  the 
conductors,  if  large  currents  were  used,  would  be  prohibitive. 

But  another  difficulty  now  presents  itself.  If  E is  made  large  and  c small, 
then  since  ^=e— cr,  it  follows  that  e,  the  potential  difference  at  the  distant 
station,  will  also  be  large.  If  we  intend  to  convert  the  whole  of  our  electrical 
power  {e  c)  at  once  into  mechanical  power  by  means  of  motors,  all  we  shall  have 
to  do  will  be  to  wind  our  motors  with  fine  wire  and  attend  carefully  to  insulation. 
But  if  the  electrical  power  is  to  be  used  for  general  purposes  and  particularly  for 
supplying  electrical  energy  to  private  houses,  whether  for  lighting  or  otherwise, 
the  use  of  a high  potential  difference  under  the  control  of  the  consumer  is  in- 
admissible, not  only  because  of  difficulties  of  insulation  and  leakage,  but  because 
in  most  countries  legislative  enactments  absolutely  prohibit  it.  Unless,  there- 
fore, it  is  possible  to  alter  the  pressure  at  the  distant  end  without  much  loss  of 
energy,  transmission  at  high  pressure  must  be  abandoned.  Fortunately,  how- 
ever, the  change  can  be  economically  accomplished  by  what  are  now  called 
“ Transformers.” 

The  term  “Transformer,”  although  most  generally  used  at  the  present 
time  to  denote  a modified  form  of  induction  coil  in  which  an  alternating  current 
is  sent  through  the  primary,  is  also  applicable  to,  and  is  employed  to  denote, 
any  arrangement  of  appai  atus  or  machinery  by  which  the  energy  of  a particular 
electric  current  is  transformed  into  the  energy  of  another  current  dijfering from 
the  first  in  magnitude  and  e.  m.  f.  The  problem  that  presents  itself  is  this.  If 
T be  the  whole  time  in  seconds  during  which  the  supply  of  electrical  power  is 
available,  we  have  a certain  quantity  (<?  c x)  of  electrical  energy  at  our  disposal, 
but  one  of  the  factors  e is  large,  and  therefore  for  various  reasons  unsuitable. 
The  total  energy,  however,  may  be  kept  the  same,  and  the  difficulty  be  overcome 
if  we  are  able  to  vary  the  factors  of  the  energy  whilst  their  product  is  kept  un- 
changed. This  is  the  essential  function  of  a transformer.  The  ideal  perfect 
transformer  would  give  us  the  equation — 

e CT  = eiC^  Tj, 


where  e,  c,  and  x have  the  meanings  already  specified  with  respect  to  the  energy 
supplied  to  the  transformer,  and  Cj,  and  x^  have  corresponding  meanings 
with  respect  to  the  energy  given  out  by  the  transformer.  As  there  is  always  a 
loss  of  energy  in  the  transformation,  no  actual  transformer  satisfies  the  above 
equation. 
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The  kinds  of  transformers  available  are  secondary  batteries  and  motor 
dynamos  for  continuous  current  systems,  and  induction  coils  for  alternate  current 
systems.  Of  these,  secondary  batteries  have  already  been  described  ; the  other  two 
will  be  dealt  with  subsequently.  For  our  present  purpose  it  is  sufficient  to  note 
that  they  all  more  or  less  efficiently  effect  the  transformation  just  referred  to. 

The  different  systems  with  which  we  have  to  deal  may  be  divided  into  the 
same  classes  as  those  we  have  adopted  for  central  stations,  it  being  always 
understood  that,  whatever  the  pressure  may  be  that  is  adopted  for  the  general 
scheme  of  distribution,  the  pressure  delivered  to  the  private  consumer  must 
always  be  within  the  limits  we  have  defined  as  those  for  a low-pressure  supply 
system.  We  propose  to  deal  with  the  whole  subject  in  the  order  already  set  forth. 


Fig.  613. — Three- wire  Distributors. 


_ ^w_/^jTssure  sjs/e;Rs.—By  a low-pressure  system  of  distribution  we  mean  one 
in  which  the  electrical  energy  is  supplied  direct  to  the  consumers  at  the  pressure 

Ltlms  but  if  so'^^h"'""^'  frequently  used  in  such 

ysterns  but  if  so,  they  are  not  employed  as  transformers  for  the  puroose  of 

L\"dLin/thT'''^’  equalisers  of  pressure  or  as  storers  of  energy 

eheving  the  engines  at  the  periods  of  heaviest  demand,  and  frequentlv  ffr 

ng  up  the  whole  of  the  supply  during  the  hours  when  the  demand^is  lighted 

clasfes  ^he  conductors  in^ 

anrl  / \ f)  ^distributors,  to  which  the  consumer’s  wires  are  directly  attached  • 

to  5 distributors  consist  o,  either  trvo  or  three  wires 
of  ‘divided  cirrts“Tas\™“  ™ "e  principle 
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diagrammatic  sketches  of  the  connections  to  the  distributing  mains  in  two-  and 
three-wire  systems.  In  Fig.  612  the  mains  a and  b are  supposed  to  be  maintained 
at  a constant  potential  difference  by  the  feeders  and  the  arrangements  at  the 
station,  a being  positive  or  at  a higher  potential  than  B.  Each  house  has  then 
given  to  it  two  wires,  one  of  which  is  attached  to  a and  the  other  to  b,  and  any 
lamp,  motor,  or  other  device  for  utilising  the  electrical  energy  within  the  house, 
is  attached  to  these  wires.  The  various  lamps,  etc.,  inside  the  house  are 
joined  to  its  main  supply  leads  in  simple,  divided,  or  “ parallel  ” circuits. 

In  the  three-wire  system  (Fig.  613)  there  are  used,  as  its  name  implies,  three 


distributing  mains,  a,  b,  andc.  The  extreme  mains,  a and  c,  are  maintained  at 
a constant  difference  of  potential  which  is  double  that  supplied  to  any  individual 
consumer.  The  supply  leads  for  any  individual  consumer  are  connected  either 
to  A and  B,  or  to  b and  c,  but  not  to  a and  c.  Thus  the  potential  of  b being 
half-way  between  a and  c,  each  consumer  has  at  his  disposal  a pressure  equal  to 
half  the  total  potential  difference  of  a and  c.  For  instance,  if  the  supply 
pressure  be  no  volts,  the  difference  of  potential  between  .a  and  c is  maintained 
at  220  volts,  whilst  the  p.  d.  of  a and  b,  or  of  b and  c,  to  either  of  which  pairs 
only  is  any  individual  consumer  attached,  is  no  volts.  As  before,  the  lamps, 
etc.,  inside  the  house  are  joined  to  its  own  service  lines  in  simple  parallel. 
In  important  thoroughfares  the  distributing  mains  are  laid  on  both  sides  of  the 
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street,  usually  under  the  foot  walk ; but  in  less  important  streets  one  set  of 
mains  supplies  houses  on  both  sides. 

The  connections  of  the  distributing  mains  to  the  feeders,  and  thus  to  the 
generating  station,  are  sketched  diagrammatically  in  Fig.  614.  In  this  sketch  the 
fine  lines  represent  the  two-wire  distributing  mains.  For  part  of  the  area 
supplied— that  is,  for  the  part  within  the  figure  t,  u,  w,  x,  y,  z — these  form  a 
network  system  of  mains  partly  interlacing  within  the  area.  The  advantage  of 
such  mains  is  that  if  any  accident  happens  to  the  network  at  any  point, 
for  instance  at  x,  the  faulty  section  may  be  cut  out  of  circuit  without  interfering 
with  the  supply  to  any  consumers  except  those  directly  connected  to  the  piece 
cut  out.  This  is  due  to  the  fact  that  at  any  part  of  the  network  there  is  more 
than  one  path  for  the  current  from  the  station  to  the  consumer.  Some  parts  of 
the  distributing  system  are,  it  will  be  noticed,  represented  as  being  outside  the 
network  and  thus  lose  this  advantage. 

In  the  sketch  the  “ feeding  points  ” are  at  a,  b,  c,  and  Z,  and  from  these  points 
heavy  conductors  or  leads,  represented  by  the  thick  lines,  are  carried  to  the 


central  station  a,  b.  From  such  points  there  are  also  always  led  back  thin 
insulated  wires  called  “pilot’  wires,  which,  when  connected  to  the  pressure- 
measuring instruments  or  voltmeters,  enable  the  attendant  at  the  station  to 
ascertain  the  potential  difference  at  the  feeding  points,  and  thus  show  him  when 
it  is  necessary  to  take  steps  for  keeping  the  pressure  constant. 

It  is,  of  course,  possible  to  utilise  the  feeders  to  supply  current  to  any 

consumer  s premises  near  which  they  may  pass,  but  in  that  case  they  are  not 

feeders  exclusively,  but  partly  feeders  and  partly  distributors. 

The  arrangement  of  a three-wire  distributing  system  is  similar  to  that 
sketched,  and  does  not  call  for  a separate  figure.  The  two  distributing  mains 
with  their  various  bifurcations,  in  Fig.  6T4,  may  be  taken  to  represent  the  mains 
A and  c of  Fig.  613,  and  it  is  to  these  that  the  feeders  are  attached.  The  third 

main,  b of  Fig.  613,  would  be  laid  between  them,  but  would  not  have  any 

special  feeders,  though  a “pilot”  wire  would  also  be  run  back  from  it  to  the 
central  station  at  each  feeding-point.  In  such  a system,  however,  since  the 
feeders  are  at  double  the  pressure  allowed  to  consumers,  they  are  not  so  readily 
available  for  distribution  en  route  to  the  feeding  points. 

Low-pressure  Stations.— We  are  now  in  a position  to  explain  some  of 
the  details  of  a low-pressure  supply  station,  and  for  this  purpose  we  give  in 
ig.  615  a view*  of  the  interior  of  one  of  the  central  stations  of  the  Liverpool 
h-lectric  Supply  Company.  In  this  station  Willans’  high-speed  engines  are  used, 
and  are  coupled  direct  to  the  dynamos,  which  are  of  a type  already  fully 
described  at  page  350.  Some  of  the  dynamos  were  built  by  Crompton,  and 
- ome  by  Siemens.  Two  sizes  are  used  ; the  larger  ones  have  each  an  output 

wr  “ '^5  voles  when  remning  at  375  revolutions 

pe  minute,  the  driving  engines  being  capable  of  developing  180  indicated 
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horse-power.  The  smaller  dynamos  give  300  amperes  at  the  same  voltages, 
but  with  a speed  of  450  to  500  revolutions  per  minute,  and  driving  engines 
giving  60  horse-power.  Most  of  the  dynamos  are  simply  shunt  wound,  though 
some  are  compound  wound.  They  all,  however,  have  variable  resistances  at 
the  side,  which  are  placed  in  the  shunt  circuit,  and  by  which  the  e.m.f.  of  each 
dynamo  can  be  varied  as  required. 

It  will  be  noticed  that  a travelling  crane  runs  the  whole  length  of  the  room, 
so  that  if  any  accident  happens  to  any  dynamo  or  engine  it  can  be  quickly  taken 
to  pieces  and  the  damaged  part,  where  possible,  replaced  by  a duplicate.  For 
instance,  in  this  way  a damaged  armature  can  be  quickly  removed  and  a spare 
one  substituted. 

From  each  dynamo  positive  and  negative  conductors  are  led  to  the  switch- 
board, where  by  suitable  switches  they  can  be  placed  in  connection  with  a pair 
of  heavy  coppei;  bars,  sometimes  called  “ omnibus  ” bars.  One  of  the  leads  from 
each  dynamo  passes  through  a galvanometer  or  ammeter,  which  indicates  the 
current  which  the  particular  dynamo  is  supplying  at  any  moment. 

The  ends  of  the  feeders  are  also  brought  to  the  switchboard.  The  negative 
feeders  are  directly  connected  to  the  negative  omnibus  bar  through  a safety 
cut-out.  The  positive  feeders  are  led  each  through  an  ammeter  which  indicates 
the  current  in  the  feeder  to  a regulating  switch,  so  joined  up  that  when  it  is  in 
its  normal  position  the  feeder  is  placed  directly  on  to  the  positive  omnibus  bar 
in  parallel  with  a secondary  battery.  But  when  the  load  on  the  feeder  is  small, 
the  regulating  switch  can  be  put  back  and  successive  cells  of  the  battery  cut  out, 
by  which  at  each  step  the  potential  at  the  station  end  of  the  feeder  is  diminished 
by  two  volts,  and  thus  the  pressure  is  prevented  from  rising  too  high  at  the 
feeding  points  on  the  distributors. 

In  many  switchboards  it  is  now  customary  to  bring  the  positive  and  negative 
conductors  to  separate  boards  alongside  of  one  another,  a plan  which  prevents 
mistakes  when  changes  have  to  be  rapidly  made.  The  switches,  fuse  blocks, 
and  omnibus  bars  are  usually  massive,  and  with  the  various  instruments  give  a 
somewhat  imposing  appearance  to  the  board. 

The  secondary  battery,  besides  acting  as  a pressure  regulator,  is  also 
sufficiently  large  to  supply  by  its  discharge  the  whole  demand  during  the  hours 
of  lightest  load,  thus  enabling  the  engines  to  be  stopped  entirely  for  a fair 
portion  of  the  twenty-four  hours,  especially  in  summer.  This  method  of  using 
secondary  batteries  is  so  convenient  that  in  nearly  all  low-pressure  stations  they 
are  employed  for  both  the  above  purposes.  The  battery-room  may  be  at  the 
central  station  itself,  of  course  quite  separate  from  the  engine-room,  or  it  may  be 
at  some  little  distance  and  nearer  the  centre  of  the  district  supplied.  As  there 
is  no  moving  machinery  in  the  room,  almost  any  kind  of  an  outbuilding  will  do, 
provided  only  that  it  be  quite  dry  and  that  the  floor  be  sufficiently  strong  to 
support  the  dead  weight  of  the  cells,  which  is  considerable. 

We  have  already  (pages  475  and  477)  described  some  of  the  forms  of  central 
station  cells.  In  Fig.  616  we  give  a view  of  the  interior  of  a battery-room  at 
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Netting  Hill,  fitted  up  with  Crompton-Howell  cells.  The  cells  are  the  61-plate 
cells  of  Fig.  458,  and  the  room  contains  two  complete  batteries,  arranged  on 
either  side  of  the  gangway  in  two  tiers.  Some  of  the  regulating  cells  can  be 
seen  on  the  top  tier  at  the  right-hand  side.  Such  cells  can  be  recognised  by 
noticing  that  from  each  a massive  conductor  is  led  away  to  the  switchboard  to 


some  kind  of  switch  such  as  that  described  at  page  482.  No  such  conductors 
are  led  away  from  the  greater  number  of  the  cells  of  the  battery,  these  being,  as 
in  the  lower  tiers,  joined  permanently  in  simple  series.  All  the  wood-work  of 
the  battery-room  is  painted  with  a special  acid-proof  paint,  because  of  the  acid 
spray  dispersed  by  the  cells,  as  already  explained. 

Medium  Pressure  Systems.-\xi  these  systems  the  pressure  generated  by  the 
dynamos  vanes  from  300  to  800  volts.  The  distribution  is  effected  either  by 
distnbulors  arranged  upon  a further  development  of  the  three-tvire  systein 
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known  as  the  five-wire  system,  or  a step-down  of  potential  difference  is  effected 
l)y  using  some  suitable  form  of  transformer,  such  as  secondary  batteries  or  motor 
dynamos,  or  in  some  cases  combinations  of  these. 

The  five-wire  system  is  depicted  diagrammatically  in  Fig.  617,  which  repre- 
sents the  arrangement  of  the  conductors  adopted  at  the  Central  Station  of  the 
Place  Clichy,  in  Paris.  The  distributors  are  the  five  parallel  lines  forming  the 
figure  ABODE,  together  with  the  cross  connections  b e and  b d.  The  extreme 
lines  are  at  a potential  difference  of  440  volts,  the  intermediate  ones  being,  at 
various  potentials,  such  that  the  pressure  between  any  contiguous  pair  is  iio 
volts.  The  manner  in  which  consumers  are  connected  for  lighting  purposes  is 
shown  at  a,  b,  c,  and  d,  each  consumer  being,  as  in  the  three-wire  system,  joined 
to  two  contiguous  mains  only  out  of  the  five,  thus  getting  only  no  volts  pressure. 

The  central  station  is  placed  at  o,  and  from  it  five  sets  of  feeders  deliver 
currents  at  a pressure  of  44°  volts  to  the  points  M,  n,  p,  q,  and  r.  It  is  of  course 
obvious  that  unless  the  different  customers  are  evenly  distributed  between  the  four 
pairs  of  mains  available,  so  that  the  customers  on  each  pair  are  at  each  instant  using 
the  same  amount  of  current  as  the  customers  upon  each  of  the  other  pairs,  it  will 
be  impossible  to  keep  the  individual  pairs  at  a constant  p.  d.  of  no  volts,  even 
though  the  extreme  mains  are  kept  rigorously  at  440  volts.  But  however  care- 
fully the  individual  customers  are  connected  up,  it  cannot  be  expected  that  their 
consumption  will  vary  simultaneously  with  mathematical  accuracy.  Some  kind 
of  regulating  device  is  therefore  necessary,  which,  being  connected  to  the  dis- 
tributing mains,  will  help  to  equalise  the  potential  differences  of  the  various  pairs. 
Such  devices  are  supplied  both  by  secondary  batteries  and  motor  dynamos. 

The  regulating  secondary  batteries  are  shown  at  f.  For  small  variations 
of  the  loads  of  the  four  circuits,  the  different  batteries,  by  taking  more  or  less 
current,  will  tend  to  equalise  the  loads.  But  when  the  variations  become  serious 
the  number  of  cells  in  the  different  batteries  has  to  be  changed,  and  this  is 
effected,  for  each  circuit,  by  a special  commutator  automatically  worked  by  an 
electric  motor  controlled  by  that  circuit.  The  motor  dynamo  is  shown  at  g-,  its 
working  will  be  explained  when  we  are  dealing  with  transformers.  At  h there 
are  eight  arc  lamps  in  series  connected  across  the  extreme  wires  of  the  system, 
and  therefore  taking  altogether  440  volts. 

Another  method  of  using  a moderately  high  pressure  on  the  mains  leaving 
the  central  station  is  adopted  by  the  Chelsea  Electricity  Supply  Company.  The 
dynamos  generate  a current  at  a pressure  of  500  volts,  which  is  used  to  charge 
secondary  batteries  at  sub-stations.  Each  battery  is  in  two  halves,  and  each  half 
is  again  divided  into  four  sections  of  54  cells  each.  When  being  charged  by  the 
current  from  the  central  station,  the  four  sections  of  one  half  of  the  battery  are 
joined  up  in  series.  When  the  sections  are  fully  charged  they  are  automatically 
switched  out  of  the  charging  circuits,  placed  in  parallel  wdth  one  another,  and 
connected  to  tlie  distributing  mains  of  the  district  supplied  by  the  sub-station. 
The  four  sections  of  the  other  half  of  the  battery,  which  have  meanwhile  been 
supplying  current  to  the  distributing  mains,  are,  when  discharged,  taken  off  those 
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mains,  placed  in  series  with  one  another,  and  switched  into  the  dynamo  circuit. 
The  connections  with  one  half  of  the  battery  being  charged  and  the  other  being 
discharged  are  shown  in  Fig.  618,  in  which  d,d,  d are  the  dynamos,  a,  a,  a the 
sections  of  the  battery  that  are  being  charged  in  series  (only  three  are  shown),  and 
B,  B,  B are  the  sections  in  parallel  which  are  supplying  current  to  the  distributing 
mains  L,  L,  L.  c,  c,  c are  reversed  cells  in  the  discharging  circuits  which  are 
automatically  connected  up  as  shown,  so  as  to  keep  the  discharging  p.  d. 
constant. 

When  both  halves  of  the  battery  are  charged  the  dynamos  are  stopped  and  . 


Fig.  618.— Secondary  Batteries,  used  as  Pressure  Reducers  or  Transformers. 


all  the  cells  are  put  on  to  the  distributing  mains.  If  the  demand  is  now  greater 
than  the  cells  can  supply,  the  dynamos  are  again  started  and  current  supplied  to 
the  motor  dynamos  e,  e,  e,  whose  secondary  circuits  then  supply  a loo-volt 
current  to  the  distributing  mains. 

The  whole  of  the  somewhat  complicated  changes  of  connections  necessary  in 
this  system  are  automatically  accomplished  by  a set  of  ingenious  switches  designed 
by  Mr.  F.  King,  which  we  regret  we  have  not  space  to  describe  in  detail. 

Medium  Pressure  Station — As  an  example  of  a medium  pressure 
station  we  give  m Fig.  619  a view  of  part  of  the  central  station  of  the  “ Secteur 
Uichy,  in  Pans,  the  distributing  system  of  which  we  have  already  described- 
e large  engines,  of  which  there  are  five,  are  Corliss  single-cylinder  engines  of 
500  horse-power,  each  driving  a Siemens’  internal  pole  dynamo  of  the  kind 
a ready  described  (Fig.  344).  The  dynamos  at  a speed  of  64  revolutions  per 
minute  can  each  geneiate  a current  of  700  amperes  at  500  volts,  thus  having  an 
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output  of  350  kilowatts,  or  nearly  470  electrical  horse-power.  This  current 
is  delivered  to  the  feeders  om,  op,  etc.  (Fig.  617),  of  the  five-wire  distributors, 
a loss  of  12  per  cent,  being  allowed  in  the  feeders,  so  that  the  p.  d.  at  the  feeding 
points  is  only  440  volts.  Part  of  the  switch-board,  with  the  various  measuring 
instruments  and  levers  for  controlling  the  different  circuits,  is  shown  on  the  right, 
one  section  of  it  being  reached  by  the  spiral  staircase.  The  lower  section  con- 
tains the  switches  which  control  the  field-magnet  circuits  of  the  large  dynamos ; 
by  the  use  of  resistances  in  these  circuits  the  e.  m.  f.  of  the  dynamos  is  altered  at 
will.  Each  dynamo  has  its  own  ammeter  and  voltmeter.  The  feeder  switches 
and  instruments  are  on  the  upper  part  of  the  board,  each  pair  of  feeders  having 
a double  pole  switch  and  an  ammeter  and  voltmeter  to  measure  the  current  and 
the  pressure  at  the  feeding  points.  There  are  also  six  smaller  dynamos  and 
engines  in  the  station  to  be  used  during  the  periods  of  small  demands. 

High-Pressure  Systems. — The  systems  which  use  pressures  of  1,000  volts 
and  upwards,  for  the  transmission  of  the  electric  energy  to  the  place  where 
it  is  required,  usually  employ  alternate  currents  for  the  purpose.  Such  currents 
when  at  a high  pressure  are  readily  “transformed”  into  currents  at  a lower 
pressure  by  means  of  induction  coils  or  alternate  current  “ transformers,”  as  they 
are  now  most  frequently  called.  In  such  a transformation,  as  we  shall  see  later 
on,  the  watts  taken  from  the  secondary  coil  are  approximately  equal  to  the  watts 
delivered  to  the  primary  coil,  so  that  if  the  volts  are  diminished  the  amperes  are 
correspondingly  increased.  There  is,  of  course,  some  loss  in  the  transformation, 
but  with  good  transformers  working  at  full  load  it  only  amounts  to  between  3 and 
5 per  cent. 

Theoretically  there  are  several  ways  of  arranging  the  primary  and  secondary 
circuits.  Thus  the  induction  coils,  or  secondary  generators,  as  they  were  then 
called  (Fig.  308),  of  Messrs.  Gaulard  and  Gibbs,  were  arranged  with  all  their 
primary  coils  in  series  on  a single  circuit,  sometimes  several  miles  long.  The 
secondary  coils  of  each  transformer  had  their  terminals  joined  to  a circuit  in 
which  the  lamps  were  arranged  in  parallel.  Further  experience  has  shown  that 
it  is  better  to  place  the  primaries  of  all  the  transformers  in  parallel  on  a pair  of 
mains  arranged  as  in  the  two-wire  low-pressure  system  already  described.  The 
difference  between  the  two  systems  is  that  in  the  low-pressure  system  the 
consumer’s  conductors  are  joined  directly  to  the  station  mains,  whereas  in  the 
high-pressure  system  the  primary  terminals  of  a transformer  are  joined  to  these 
mains,  and  the  conductors  from  the  secondary  terminals  only  are  available  to  the 
consumer.  The  pressure  between  these  secondary  terminals  must  never  exceed 
150  volts.  There  is,  of  course,  a great  difference  in  the  size  of  the  conducting 
mains  used  in  the  two  systems,  for  in  the  low-pressure  system  those  mains  have 
to  carry  the  whole  current  used  by  all  the  consumers ; whereas  in  the  other 
system  the  mains  only  carry  a small  high-pressure  current,  which  is  transformed 
into  a large  low-pressure  current  where  it  is  required. 

The  electrical  connections  at  the  consumer’s  premises  are  shown  in  Fig.  620. 
The  two  full  lines  on  the  left  represent  the  high-pressure  mains,  which  may  be 
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part  of  a system  of  ring  mains.  The  primary  circuits  of  three  transformers, 
which  are  represented  by  full  zig-zag  lines,  are  joined  to  these  mains  in  simple 
parallel  arc.  The  dotted  zig-zag  lines  represent  the  secondary  coils  of  the 
transformers,  and  the  little  circles  represent  glow  lamps.  In  the  upper  trans- 
former the  lamps  are  strung  in  simple  parallel  to  the  two  conductors  which  are 
joined  to  the  terminals  of  the  secondary.  In  the  two  lower  transformers  the 
secondaries  are  joined  in  parallel,  and  the  conductors  for  the  lamps  are  attached 
to  the  joined  terminals. 

In  some  of  the  systems  there  are  transformers  as  just  described  on  the 
premises  of  each  individual  consumer,  whereas  in  others  a large  transformer,  or 
a set  of  “ banked  ” transformers  in  some  central  position,  takes  current  from  the 


.... 

1 

1 

i 

< 

1 

1 

1 

1 

i 

t 

1 

1 

1 

ff 

1 

— j...  1 

^ ^ I 

•i 

^ ^ i 1 

1 

1 

1 

'i  i 

1 1 
:^i 

1 » 

I ! 

.J.l 

1 

i 

H 

j ? '■?  ? 

:o..r..j 

Fig.  620. — Transformer  Connections  for  High-Pressure  Working. 


high-pressure  mains  and  supply  a low-pressure  current  to  a network  which  serves 
a limited  district  in  the  immediate  neighbourhood  of  the  banked  transformers. 

High-Pressure  Stations. — The  most  remarkable  of  high-pressure  stations 
is  certainly  the  Deptford  Station,  designed  by  Mr.  Ferranti  for  the  London 
Electric  Supply  Corporation.  It  is  here  that  the  10,000  horse-power  alternators 
briefly  described  at  page  361  are  being  erected.  Pending  the  completion  of 
these  monster  machines  the  station  is  at  present  worked  by  four  smaller  alter- 
nators. Two  of  these,  each  giving  100  amperes  at  10,000  volts,  are  shown  in 
our  illustration  (Fig.  621).  They  are  driven  by  compound  condensing  engines, 
each  indicating  1,500  horse-power  and  running  at  a speed  of  80  revolutions  per 
minute.  The  drive  is  by  means  of  forty  cotton  ropes  from  the  21  ft.  fly-wheel 
of  the  engine  to  the  pulley  of  the  dynamo.  .The  field  magnets  are  excited  by 
the  current  from  two  Kapp  dynamos  giving  300  ampferes  at  50  volts. 

The  two  smaller  alternators  give  each  a current  of  196  amperes  at  2,400 
volts,  which  is  transformed  “up”  to  a less  current  at  10,000  volts.  The  10,000 
volt  current  is  then  transmitted  to  sub-stations  in  London,  where  large  trans- 
formers reduce  the  pressure  to  2,400  volts,  at  which  pressure  current  is  delivered 
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to  a network  of  high-pressure  mains  in  the  neighbourhood  of  the  sub- 
station. Finally,  this  current  is  again  transformed  to  a loo-volt  current  by 
transformers  placed  on  the  consumer’s  premises,  or  several  consumers  close  to 
one  another  are  supplied  from  banked  transformers.  The  distance  of  the  farthest 
glow  lamp  lighted  from  Deptford  is  9^  miles.  We  regret  that  want  of  space 
makes  it  impossible  for  us  to  refer  to  many  important  electrical  and  mechanical 
details  in  connection  with  this  station,  which  it  is  intended  shall  eventually  be 
equipped  with  four  of  the  10,000  horse-power  dynamos  already  referred  to. 

In  Fig.  622  we  show  the  dynamo-room  of  the  Sardinia  Street  station  of  the 
Metropolitan  Electric  Supply  Company  of  London.  This  is  on  the  first  floor  of 
a building,  the  driving  engines  being  on  the  ground  floor,  which  is  underneath. 
Each  alternator  is  driven  directly  by  a belt  from  a separate  engine,  the  belts  being 
boxed  in  by  wooden  casings,  one  of  which  is  removed  to  show  the  drive.  There 
are  ten  alternators  of  the  Westinghouse  type  described  at  page  367,  each  having 
an  output  of  125  amperes  at  1,000  volts,  with  a speed  of  1,000  revolutions  per 
minute.  The  continuous  current  dynamos  for  exciting  the  field  magnets  are 
driven  by  separate  engines  ; there  are  three  of  them,  each  capable  of  giving  300 
amperes  at  100  volts,  which  current  is  sufficient  for  the  whole  ten  alternators. 
The  spare  armatures  can  be  seen  at  the  far  end  of  the  room,  and  by  means  of 
the  overhead  travelling  crane,  should  it  be  necessary,  the  top  half  of  the  field 
magnets  of  any  machine  can  be  quickly  removed  and  a new  armature  substituted 
for  a damaged  one. 

The  conductors  from  both  the  field  magnet  and  the  armature  circuits  of  each 
dynamo  are  brought  to  the  switchboard,  which  runs  nearly  the  whole  length  of 
the  room.  The  two  armature  conductors  of  every  alternator  are  each  provided 
with  switches  and  safety  fuses  on  the  board,  and  one  of  them  passes  through  an 
ammeter  which  measures  the  current,  whilst  a voltmeter  placed  in  parallel 
through  a small  transformer  measures  the  pressure.  These  ten  ammeters  and  ten 
voltmeters  are  at  the  centre  of  the  board.  Each  field-magnet  circuit  is  connected 
to  a double-pole  switch  and  an  adjustable  resistance,  the  ten  resistances  being  at 
the  lower  part  of  the  board  at  the  centre.  The  other  three  resistance  frames  are 
in  the  field-magnet  circuits  of  the  exciting  dynamos. 

The  various  feeding  and  distributing  mains  are  also  brought  to  the  board  at 
either  side  of  the  central  portion  which  is  reserved  for  the  dynamo  switches  and 
regulating  and  measuring  instruments.  The  dynamos  are  not  run  in  parallel, 
but  plug  connections  are  so  arranged  on  the  board  that  any  dynamo  can  be 
quickly  connected  to  any  feeder  or  distributor,  and  if  any  change  of  the  dynamo 
supplying  a particular  circuit  is  required,  it  can  be  made  without  more  than  a 
very  slight  and  momentary  flicker  of  the  lights.  Each  feeder  and  distributor 
circuit  contains  an  ammeter  which  measures  the  current  supplied  to  it 

Comparison  of  the  various  Systems. — We  are  now  in  a position  to 
briefly  refer  to  the  advantages  and  disadvantages  of  the  different  systems.  First, 
as  regards  low  versus  medium  and  high  pressures ; the  first  is  the  simpler,  as 
there  is  no  break  of  conducting  continuity  between  the  supply  station  and  the 


622.  High-Pressure  Alternate  Current  Station,  Sardinia  Street,  London 


626 


Electricity  m the  Service  of  Man. 


consumer,  with  the  consequent  intervention  of  regulating  appliances  which  may 
be  at  a distance  from  the  station.  On  the  other  hand,  as  already  pointed  out 
(page  609),  if  a large  amount  of  power  has  to  be  transmitted,  large  currents  must 
be  dealt  with  if  a low  pressure  is  used,  and  these  necessitate  massive  and  ex- 
pensive conductors,  if  the  percentage  loss  from  the  heating  of  the  conductors  is 
to  be  kept  within  reasonable  limits.  But  the  capital  sunk  in  such  large  con- 
ductors becomes'a  serious  item  if  the- area  to  be  supplied  is  extensive.  Even 
the  doubling  of  the  total  pressure,  which  is  obtained  by  using  three-wire  instead 
of  two-wire  distributors,  leads  to  a saving  which  more  than  covers  the  cost  of  the 
third  wire.  One  serious  disadvantage  of  high  pressures  is  the  necessity  for  much 
more  perfect  and  expensive  insulation  than  need  be  employed  with  low  pressures, 
and  also  more  serious  consequences  if  a breakdown  of  insulation  should  occur. 
The  actual  loss  in  the  necessary  transformations  must  also  not  be  overlooked. 

Secondly,  as  regards  continuous  versus  alternate  currents ; one  great  advan- 
tage of  the  former  is  that  you  can  store  sufficient  energ}'  in  secondary  batteries 
during  one  part  of  the  twenty-four  hours  to  make  it  possible  for  the  machinery 
to  be  stopped  during  the  periods  of  least  demand.  No  such  storage  is  possible 
with  alternate  currents,  and,  however  small  the  load  may  be,  some  machinery 
must  be  kept  going  at  all  times.  Now  it  is  well  known  that  steam-engines  are 
most  economical  when  worked  near  their  full  load,  and  become  much  less 
economical  if  the  load  is  considerably  reduced.  If  the  surplus  energy  can  be 
stored,  it  is  possible  to  run  the  engines  at  nearly  their  full  load  always,  but  this 
is  not  possible  where  there  is  no  storage.  We  may  here  remark  that  one  reason 
for  splitting  up  the  plant  of  a station  into  a number  of  small  engines  and  dynamos, 
a plan  followed  in  some  of  the  stations  we  have  described,  is  the  desire  to  keep 
whatever  machinery  is  working,  as  near  its  full  load  as  may  be  possible. 

Again,  the  continuous  current  is,  at  the  present  time,  more  suitable  than  the 
alternate  current  for  the  transmission  of  mechanical  power.  This  point  we 
propose  to  return  to  later  on.  Also  the  alternate  current  is  more  dangerous 
physiologically  than  the  continuous  current. 

On  the  other  hand,  the  pressures  obtainable  and  the  consequent  saving  in  the 
conductors  are  much  greater  with  alternate  than  with  continuous  currents,  and  it 
is  this  consideration  which  has  led  to  the  rapid  development  of  their  use. 

To  sum  up,  we  may  say  in  a general  way  that  low-pressure  continuous 
currents  are  best  adapted  for  the  supply  of  small  compact  districts,  and  high- 
pressure  alternate  currents  for  widely  scattered  districts  in  which  the  consumers 
are  far  apart.  The  medium-pressure  systems  occupy  an  intermediate  position. 
But  the  exact  point  at  which  any  one  system  becomes  more  advantageous  than 
its  competitors  must  be  determined  carefully  for  each  special  case  that  has  to  be 
dealt  with. 

Maiiis  and  Conductors. — In  the  foregoing  description  of  systems  of 
distribution  we  have  for  clearness  purposely  abstained  from  referring  to  details  of 
the  kinds  of  conductors  used  and  the  methods  of  insulating  and  fixing  them  in 
position.  On  these  methods,  however^  the  practical  and  economical  working  of 
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any  system  largely  depends,  and  our  description  would  be  incomplete  without 
some  brief  reference  to  them. 

The  material  used  for  the  conductors  is  almost  invariably  copper,  on  account 
of  jts  high  conductivity  and  moderate  price,  for  the  price  of  silver,  whose  con- 
ductivity is  still  higher,  is  obviously  prohibitive.  But  though  copper  is  thus 
almost  universally  adopted,  the  methods 
of  laying  and  insulating  it  are  very 
numerous,  and  much  engineering  skill 
has  been  displayed  in  endeavouring  to 
overcome  the  various  practical  diffi- 1 
culties  which  are  met  with. 

In  the  early  days  of  the  distribution 
of  electric  light  from  central  stations, 

Edison  worked  out  a very  complete 
system,  in  which  the  conductors  were 
copper  rods,  whose  cross-sections  were 
segments  of  circles  (Fig.  623).  These  copper  rods  were  placed  in  wrought- 
iron  tubes,  filled  with  insulating  matter,  and  having  on  the  outside  tarred  ribbons 
wrapped  round  them  to  prevent  the  oxidation  of  the  iron.  To  hold  the  copper 
rods  in  position,  perforated  paste-boards  were  arranged  at  intervals.  These 
conducting  tubes  were  manufactured  in  lengths  of  20  feet,  and  connected  with 
each  other  as  shown  in  Fig,  624.  The  copper  bars  protruded  about  2 inches 
from  every  tube,  and  were  connected  by  means  of  a U-shaped  piece,  so  as 
to  allow  of  the  expansion  and  contraction  of  the  metal ; the  whole  was  covered 
up  by  a cast-iron  box  filled  with  insulating  matter.  The  sizes  q of  the  cross 
sections  of  the  copper  rods  and  diameter  d of  the  tubes  were  as  follows  • 


Fig.  623. — Edison’s  Tubes. 


Number  ...  i 2 2^ 

Q square  inches  1-287  '927  ’685  -527 

D inches  ...  3-125  3-0  2-75  2-5 


^13456  7 

•384  -2o6  -143  -084  -0512  -0248 
2'3  2-25  1-875  i’3  i'3  i‘i 


cenJrator“°ThT"°H  diminished  with  the  distance  from  th 

generator.  The  mode  of  connecting  a branch  conductor  with  the  main  cor 

ductor  is  shown  in  Fig.  625 
The  copper  bars  of  the  mail 
conductor  are  brought  into  ai 
iron  box,  cut,  and  then  con 
nected  with  the  branch  con 
ductor  by  means  of  a U-shapec 
piece.  For  branch  conductor; 
lying  at  right  angles  to  the 
main  conductor,  the  U-shaped 
piece  takes  the  form  of  n 
„.  , . rectangle.  In  a similar  mannei 

)g-  24.— Edison’s  Union  or  Joint.  the  wires  leading  into  a room 
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Fig.  625  — The  T Joint. 


were  connected  (Fig.  626),  but  in  this  case  the  box  was  not  filled  with  insulating 
substance,  but  closed  hermetically  by  means  of  a lid.  The  bent  conducting 
wires  within  the  box  led  to  clamps,  and  a piece  of  leaden  wire  was  introduced 
between  the  lower  clamp  and  a third  clamp  from  which  the  wire  of  the  room 
leads.  The  leaden  wire  was  to  act  as  a safety  fuse  in  the  manner  already 
described  (page  578). 

With  the  development  of  the  three-wire  system  a change  in  the  form 

of  conductors  was 
rendered  necessary. 
These  now  consist 
of  copper  rods  of 
circular  cross-section. 
Three  such  rods  of  the  size  appro- 
priate for  the  current  that  has  to  be 
carried  are  both  kept  apart  and  also 
bound  into  a bundle  by  long  spirals 
of  jute  rope.  The  bundle  of  rods  is 
placed  in  an  iron  tube,  and  insulating 
material  is  run  in  which  is  liquid 
whilst  hot  but  solidifies  in  cooling. 
The  tubes  are  made  of  convenient 
lengths  and  the  conductors  in  suc- 
cessive lengths  are  joined  together 
by  short  pieces  of  flexible  copper 
cable  inside  a special  junction,  box. 
One  of  these  boxes,  as  manufactured 
by  the  General  Electric  Company, 
at  Schenectady,  New  York,  and  used 
by  the  Edison  Electric  Illuminating 
Company  of  New  York  City,  is 
shown  at  a.  Fig.  627.  The  cros.s- 
section  of  the  iron  tube  with  its 
conductors  is  clearly  depicted  at  s. 

The  method  of  attachment  of 
one  conductor  to  another  can  also  be  seen.  The  ends  of  the  conductors 
projecting  from  the  tubes  are  opened  out,  and  each  is  inserted  into  a hole  in  a 
solid  block  of  copper  to  which  it  is  firmly  soldered.  The  solid  block  of  copper 
also  carries  the  end  of  a short  flexible  connecting  strip.  At  b is  shown  a junction 
box  for  a T junction  to  a house  service  set  of  pipes  at  right  angles  to  the  main 
line.  In  this  case  the  copper  block  that  is  to  be  soldered  to  the  end  of  one  of 
the  conductors  carries  two  pieces  of  flexible  cable.  Each  kind  of  bo.x,  after  the 
connections  are  made,  is  filled  with  insulating  compound  and  closed  up  with  a 
cover  bolted  down  so  as  to  make  it  water-tight. 

The  lower  part  of  Fig.  627  shows  a distributing  junction  box  placed  at  one  of 


Fig.  626. — Branch  Conductors. 
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the  feeding  points  of  the  system.  All  connections  are  made  through  the  medium 
of  three  substantial  circular  rings,  a,  b,  and  c,  placed  vertically  over  one  another. 
The  feeders  are  brought  up  through  the  tube/  in  the  cross-section  of  which  there 
will  be  noticed  the  two  fine  pilot  wires  which  are  run  back  from  the  box  so  that 
the  pressure  there  may  be  measured  at  the  station.  The  other  conductors  shown 
as  leaving  the  box  are  the  ordinary  distributing  mains  supplying  current  to  the 


Fig.  627. — Edison  Junction  Boxes  (Three-wire  system). 

consumers  in  the  immediate  vicinity.  They  are  not  all  of  the  type  above  de- 
scribed, some  of  them  being  ordinary  well-insulated  copper  wires  simply  laid  in  the 
iron  pipes  afterwards  filled  with  insulating  compound.  Each  conductor  is  made 
fast  to  one  of  the  three  rings  by  means  of  a substantial  block  of  copper  to  which 
It  IS  soldered,  this  block  being  firmly  bolted  to  a lug  projecting  from  the  ring. 
The  attachments  of  the  fine  pilot  wires  can  be  seen  at  the  left-hand  side,  the 
whole  box  can  be  closed  down  water-tight  on  an  indiarubber  cushion  by  a 
cover  which  is  flush  with  the  pavement. 

For  low-pressure  distribution  a great  deal  of  attention  has  been  given  to 
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methods  in  which  the  conductors  are  of  bare  copper  supported  on  insulators  laid 
in  specially  constructed  conduits  or  subways.  By  the  use  of  these  methods  the 
expense  of  covering  the  copper  with  costly  insulating  material  is  avoided,  but  the 
expense  so  saved  is  not  all  gain,  since  additional  expense  must  be  incurred 
in  t)ther  directions.  A good  idea  of  a conduit  built  specially  for  the  conductors 
will  be  obtained  from  Fig.  628,  which  represents  one  of  the  conduits  laid  under 

the  pavement  by  the  Com- 
pagnie  Edison  of  Paris  for 
the  purpose  of  lighting  the 
boulevards.  The  conduit, 
which  is  built  of  concrete 
and  covered  with  slabs  of  the 
same  material,  is  21 ’5  inches 
wide  and  i4’5  inches  high, 
the  top  being  6 inches  below 
the  surface  of  the  asphalte 
pavement.  The  conductors, 
made  of  silicium  bronze,  rest 
on  porcelain  insulators,  placed 
6 feet  6 inches  apart.  These 
insulators  are  firmly  bolted 
to  transverse  iron  bars  em- 
bedded in  the  floor  of  the 
conduit.  The  small  wires 
supported  by  separate  insu- 
lators are  for  different  pur- 
poses. Some  are  pilot  wires 
for  testing  the  pressure  in 
the  way  previously  described, 
others  are  used  for  telephonic 
communication,  and  the  re- 
mainder for  the  current 
actuating  the  clockwork  of 

Fig.  628. — Three-wire  Concrete  Conduit  under  the  the  consumers  meters. 

Pavement.  Instead  of  using  stranded 

wire  conductors  as  in  the 
system  just  described,  Messrs.  Crompton  and  Co.  have  worked  out  a system 
in  which  the  conductors  are  flat  copper  strips  laid  on  top  of  one  another 
until  the  required  cross-section  is  obtained.  These  strips  are  stretched  taut 
and  supported  by  glass  insulators,  placed  sometimes  as  far  as  70  feet  apart, 


in  a water-tight  concrete  conduit. 

In  a somewhat  similar  system  used  by  the  St.  James  and  Pall  Mall  Electric 
Lighting  Company,  the  concrete  conduit  is  replaced  by  a cast-iron  culvert  of  the 
shape  shown  in  Figs.  629  and  630.  Each  length  of  3 feet  6 inches  is  in  two 
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parts,  a lower  part  or  trough,  and  a cover  which  is  bolted  to  the  former,  the  joint 
being  packed  with  yarn  and  red  lead.  The  trough  is  10  inches  wide  and  6 inches 
deep,  and  the  separate  lengths  are  connected  by  binding  pieces  5 inches  wide,  the 
joint  being  run  with  lead  for  the  trough  but  packed  with  red  lead  and  yarn  for  the 
covers.  The  junction  boxes  are  built  of  brick  with  cast-iron  frame  covers  and 
stone  centres.  The  culverts  terminate  at  these  boxes,  and  wherever  possible  are 


Fig.  629. — Section  of  Iron  Culvert.  Fig.  630. — Iron  Culvert  for  Bare  Copper  Mains. 


sloped  towards  them,  so  that  any  water  which  may  find  its  way  into  the  culvert 
runs  into  the  box,  whence  it  is  drained  away.  The  shape  of  the  glazed 
earthenware  insulators  can  be  best  seen  in  Fig.  630.  They  are  placed  3 yards 
apart,  and  stretch  across  the  culvert  without  interfering  with  its  drainage.  The 
conductors,  placed  edgeways  on  these  insulators,  consist  of  copper  strips  2 inches 
wide  and  o'l  inch  thick.  For  the  largest  mains  eight  of  these  are  laid  side  by 


Fig.  631.— The  Callender  Company’s  System  of  Underground  Mains. 


Side  for  the  two  outside  conductors,  whilst  the  central  one  is  made  up  of  four 
strips  only.  The  current  is  taken  from  the  mains  to  the  consumers  by  vulcanised 
rubber  cable  laid  in  gas  piping.  Access  is  obtained  to  the  culvert  by  drilling  a 
hole  in  the  cover  into  which  the  gas  pipe  is  screwed. 

More  than  one  complete  system  of  underground  mains  has  been  worked  out 
by  the  Callender  Company,  which  is  a company  devoting  itself  specially  to  this 
kind  of  work.  One  method  of  laying  the  conductors  is  shown  in  Fig.  631.  The 
trench  m which  the  cables  are  laid  consists  of  three-sided  iron  troughs  in  six- 
eet  lengths.  Wooden  bridge  pieces  are  placed  in  the  troughs  at  suitable  dis- 
tances, for  the  purpose  of  spacing  the  cables.  The  latter,  which  are  ordinary 
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well-insulated  cables,  are  placed  on  the  bridge  pieces,  and  the  trough  is  then 
filled  with  bitumen  up  to  the  top,  thus  embedding  the  cables  in  an  impervious 
and  insulating  medium.  Either  an  iron  lid — as  shown  in  the  figure — or  a thin 
layer  of  concrete  is  placed  over  the  bitumen.  Cast-iron  junction  boxes — into 
which  the  cables  are  brought — are  placed  wherever  required. 

For  high  pressure  working  bare  conductors  are  inadmissible,  though  some- 
tin*ies  one  of  the  two  conductors  is  not  well  insulated.  As  we  have  already 
pointed  out,  high-pressure  supply  systems  usually  work  with  alternate  currents, 
and  for  these  the  two  conductors  very  often  take  the  form  of  concentric 
cylinders.  In  this  case  there  is  a central  solid  conducting  cylinder  surrounded 

by  insulating  material  outside 
which  is  placed  the  other  con- 
ductor in  the  form  of  a hollow 
cylinder  enclosing  the  first.  This 
arrangement  of  conductors  has 
the  advantage  of  reducing  the 
inductive  disturbance  of  neigh- 
bouring circuits  to  a minimum. 

The  high-pressure  insulated 
mains  may  of  course  be  laid  in 
properly  constructed  conduits  in 
similar  ways  to  those  employed 
for  low-pressure  mains.  Such 
a conduit,  used  in  connection 
with  the  Municipal  Station  in 
Paris,  is  shown  in  Fig.  632. 
The  conduit,  built  of  concrete,  is  placed  under  the  sidewalk,  and  is  about 
12  inches  wide  by  loj  inches  deep.  The  supports  for  the  cables  are  placed 
about  5 feet  apart,  and  consist  of  wooden  frames  which  fit  into  grooves 
in  the  concrete  and  to  which  glass  insulators  are  attached,  the  cables  lying  on 
the  insulators.  The  cables  are  insulated  with  pure  and  vulcanised  rubber, 
covered  with  a protecting  coating  of  hemp  saturated  with  resin  or  tar. 

By  far  the  most  interesting  high-pressure  alternate  current  mains  are  those 
designed  by  Mr.  Ferranti  for  the  10,000  volt  current  of  the  Deptford  station 
described  on  page  622.  A full-size  section  of  the  trunk  main  connecting  the 
generating  station  at  Deptford  with  the  sub-statio,ns  in  London  is  given  in 
fig.  633.  The  central  conductor  is  a copper  tube  with  an  inner  diameter  of  tV 
inch  and  an  outer  one  of  if-  A 20-feet  length  of  such  a tube  is  taken  and 
covered  with  layer  after  layer  of  brown  paper  saturated  with  black  mineral  wax 
or  ozokerit.  When  the  right  thickness  of  brown  paper  has  been  wound  on,  the 
outer  copper  tube  is  slipped  loosely  over  it,  and  the  whole  is  drawn  through  a 
taper  die"  which  compresses  the  outer  tube  firmly  on  the  brown  paper,  making 
the  whole  a compact  mass.  Thus  finished,  the  outer  tube  has  an  inner  diameter 
of  Iff  inch  and  an  outer  diameter  of  if-f  inch.  Outside  this  copper  tube  is  wound 


Fig.  632. — High  Pressure  Mains  in  Conduit. 
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another  |-inch  of  waxed  paper,  over  which  a thin  wrought-iron  tube  is  slipped, 
and  melted  wax  is  pumped  into  the  interspace. 

The  20-feet  lengths  of  main  so  prepared  have  one  end  tapered  to  a cone  and 
the  other  end  recessed  with  a corresponding  hollow  cone,  so  that  the  successive 
lengths  can  be  readily 
jointed.  The  mains  are 
laid  on  wooden  bearers  in 
wooden  troughs,  which 
are  afterwards  filled  up 
with  pitch  and  covered 
over.  Test  boxes  are 
placed  at  intervals  which 
admit  of  lengths  of  the 
mains  being  isolated  for 
testing  purposes.  One  of 
these  is  shown  in  sectional 
elevation  in  Fig.  634.  The 
inner  conducting  tubes 
are  brought  close  together, 
and  a crank  pin  screwed 

into  each;  these  crank  Fig.  633. — Section  of  Ferranti  Trunk  Main  (full  size), 
pins  are  then  connected 

by  the  bolt  a.  The  outer  conductors  are  connected  by  a much  more  massive 
and  longer  clamp  which  is  covered  with  waxed  brown  paper  to  insulate  it.  A 
well-fitted  cover  is  then  screwed  down  on  the  top  of  the  box,  and  the  latter 


Fig.  634.  —Ferranti  Main  ; Test  Box. 


is  pumped  full  of  heavy  resin  oil,  which  is  a good  insulator.  In  this  way  a 

junction  IS  made  which  is  well  insulated,  but  which  can  be  quickly  disconnected 
if  required. 

A junction  box  for  a T joint  is  shown  in  Fig.  635.  The  inner  conductors 
are  connected  by  a copper  bolt  a,  and  the  outer  by  a copper  fork  as  shown  in 
the  figure.  Waxed  paper  insulation  is  used,  and  the  box,  when  covered  up,  is 
fi.led  with  resin  oil,  as  in  the  previous  case.  It  should  be  mentioned  that  the 
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various  mains  enter  these  boxes  through  proper  stuffing  glands,  which  prevent 
the  leakage  of  the  oil  when  the  operations  are  completed. 

The  main  of  the  size  described  is  designed  to  carry  250  amperes  at  10,000 
volts,  and  has  therefore  to  transmit  2,500  kilowatts  or  3,300  horse-power.  Each 
conductor  has  a cross-section  slightly  over  a quarter  of  a square  inch  in  area;  for 
each  mile  of  main  the  resistance  is  ’324  ohm,  including  both  conductors  ; the 

electrostatic  capacity  is  ’367 
microfarads ; the  inductance 
is  286  microhenrys ; and  the 
insulation  resistance  700  meg- 
ohms. Similar  mains  are  made 
to  carry  one  half,  and  also 
double  the  above  current ; 
and  altogether  25  miles  of 
these  concentric  trunk  mains 
have  been  laid  down. 

With  this  we  must  con- 
clude our  notice  ©f  mains  and 
conductors.  Though  there 
are  several  interesting  systems 
that  we  cannot  find  space  to 
describe,  the  foregoing  will  probably  give  our  readers  some  general  ideas  as 
to  the  various  methods  employed. 

TRANSFORMERS. 

In  dealing  with  “Systems  of  Distribution”  (page  609)  we  have  already 
pointed  out  the  chief  reasons  which  render  “Transformers  ” useful  in  Electrical 
Engineering  work,  and  have  given  a fonnal  definition  of  the  meaning  of  the 
term,  which,  however,  it  may  be  convenient  to  repeat  here.  Thus  a Transformer 
is  defined  as  “ any  arrangement  of  apparatus  or  machinery  by  which  the  energy 
of  a particular  electric  curre?it  is  transformed  into  the  energy  of  another  current 
differing  from  the  first  in  magnitude  and  E.  M.  F.” 

For  instance,  the  first  or  primary  current  may  be  employed  to  drive  a 
motor,  which,  in  its  turn,  drives  a dynamo  which  generates  another  or  secondary 
current.  As  a simplification  of  this  method,  the  motor  or  dynamo  need  not  be 
separate  machines,  but  may  be  represented  by  two  sets  of  coils  wound  on  the 
same  armature,  each  set  of  coils  having  its  own  commutator  and  brushes.  If, 
with  this  arrangement,  it  be  required  to  transform  from  a small  current  of  high 
potential  to  a large  current  at  low  potential,  the  coils  for  the  primary  current 
will  consist  of  many  turns  of  fine  wire,  and  those  of  the  secondary  of  a few  turns 
of  thick  wire.  In  this  way,  any  desired  transformation  can  be  effected,  and  the 
combination  is  called  a motor-dynamo,  or  a motor-generator. 

Again,  secondary  batteries,  or  so-called  accumulators,  can  be  used  as 
transformers,  for  they  can  be  charged  in  series  with  a comparatively  small 
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current  at  a high  potential,  and  discharged  in  parallel,  when  they  will  furnish  a 
large  current,  but  at  a much  lower  potential.  In  the  large  battery  shown  in  Fig. 
436  Plante  used  the  converse  of  this  method,  for  he  charged  his  secondary 
cells  arranged  in  parallel  with  a current  of  low  e.  m.  f.  from  a couple  of  Bunsen  s 
elements,  and  obtained  a high  e.  m.  f.  of  discharge  by  joining  the  200  or  800 
cells  in  series.  It  may  be  remarked,  in  passing,  that  this  latter  method  of 
charging  accumulators  in  parallel  is  never  now  employed  in  practice,  as  it  is 
found  that  the  small  differences  in  the  condition  of  the  various  cells  cause  the 
large  charging  current  to  be  very  unequally  divided  amongst  them ; this  not 
only  leads  to  an  inequality  in  the  charging  of  the  different  cells,  which  should  be 
avoided  as  much  as  possible,  but  also  may  permanently  damage  the  cells  through 
which  the  excessive  currents  pass. 

A third  method,  which  is  the  one  now  most  usually  employed,  is  to  use  a 
specially  constructed  induction-coil,  from  the  primary  circuit  of  which  the 
familiar  contact-breaker  and  its  accompanying  condenser  are  omitted.  The  two 
circuits  of  the  coil  are,  therefore,  continuous  throughout,  and  are  brought  simply 
to  appropriate  clamps  or  terminals.  Through  one  of  these  circuits  is  sent  an 
alternate  current,  which  by  its  rapid  fluctuations  induces  an  alternate  electro- 
motive force  in  the  other  circuit.  If,  then,  the  terminals  of  this  secondary 
circuit  are  joined  by  conductors,  an  alternate  current,  with  the  same  number 
of  alternations  per  second  as  the  primary  current,  will  flow  through  it. 

Of  these  methods  it  will  be  noticed  that  the  first  two  are  most  suitable  for 
“ continuous  current  ” transformers,  to  which  indeed  the  second  is  necessarily 
confined,  whilst  the  third  is  restricted  to  alternate  currents.  The  first  method 
might  be  used  to  transform  from  continuous  to  alternate  currents,  or  vice  versa, 
though  this  application  of  it  has  not  yet  been  practically  developed. 

We  have  already  seen  that  the  chief  function  of  a transformer  is  either  to 
alter  the  pressure  from  low  to  high  in  order  to  make  long  distance  transmission 
of  electrical  energy  economical,  or  to  change  the  pressure  from  high  to  low  at  the 
distant  end  where  the  energy  has  to  be  used  for  ordinary  purposes.  These 
transformations,  however,  must  be  accomplished  without  much  loss  of  energy. 
Thus  if  e and  c be  the  potential  difference  and  current  supplied  to  the  trans- 
former for  the  time  t,  and  e-^,  C;^  and  Xj  be  the  corresponding  factors  of  the 
energy  given  out  by  the  transformer,  we  should  have,  if  the  latter  were  perfect, 

<?  C X = Co  Xj. 

In  all  actual  cases,  however,  the  right-hand  side  is  less  than  the  left-hand, 
and  the  ratio  represents  the  “ efficiency  ” of  the  transformation. 

In  only  one  of  the  three  systems  referred  to  above,  namely,  that  in  which 
secondary  bakeries  are  used,  is  the  energy  stored  in  the  transformer  in  such  a 
manner  that  it  is  available  for  an  indefinite  period.  In  this  system,  therefore, 
the  three  elements  q,  Cj,  and  Xj,  are  all  more  or  less  under  control  and  can  each 
of  them  be  varied  to  a greater  or  less  extent  as  may  be  necessary.  We  have 
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already  given  sufficient  details  [see  page  618)  of  this  use  of  secondary  batteries  ] 
as  transformers,  and  shall,  therefore,  pass  on  to  consider  the  construction  i 
and  use  of  the  apparatus  employed  in  the  other  two  methods. 

With  motor-generators  and  induction-coils  the  transformed  energy  must  be  ! 
used  at  the  moment  of  transformation,  and  therefore  Ti=t,  and  the  equation  of  ^ 
the  ideal  perfect  transformer  reduces  it  to  j 

Thus  if  the  primary  coils  of  a transformer  be  supplied  with  a current  of  ! 
10  amperes  at  3,000  volts,  it  may  be  transformed  into  a current  of  300  amperes 
at  nearly  100  volts,  or  a current  of  600  amperes  at  nearly  50  volts.  We  say  ‘ 
“ nearly,”  because  there  is,  of  course,  some  loss  from  eddy-currents,  etc.,  in  the 
transformation,  but  in  a good  transformer  the  value  of  Cj  may  be  as  much  as 
97  per  cent,  oi  e c.  Ihe  above  figures  might  be  reversed,  for  a transformer  can 
be  used  either  to  increase  the  current  or  the  electromotive  force,  but  what  is  : 
gained  in  one  of  these  factors  will  be  balanced  by  the  decrease  of  the  other.  ' 
The  well-known  Ruhmkorffs  induction-coil  (Fig,  186)  was  specially  designed  to  ' 
give  long  sparks,  that  is,  to  enormously  multiply  the  electromotive  force  of  the 
primary  current ; and  so  widespread  was  the  conviction  that  this  was  the  only  \ 
way  in  which  an  induction-coil  could  work,  that  as  recently  as  1883  the  United  ■ 
States  Patent  Office  refused  to  grant  a patent  for  a transformer  to  Mr.  Bernstein 
on  the  ground  that  he  could  not  possibly  get  a larger  current  out  of  its  secondary  j 
than  was  supplied  to  its  primary.  ; 

As  induction  coils  are  far  more  widely  used  than  any  other  kind  of  I 
transformer,  we  shall  deal  with  them  first,  and  afterwards  briefly  describe  the  i 
motor-generators.  1 


ALTERNATE  CURRENT  TRANSFORMERS. 


The  “Alternate  Current  Transformer”  of  to-day  is  the  lineal  descendant 

of  the  induction-coil  which  was  first  used 
by  Faraday  in  1831,  and  after  various 
improvements  by  different  experimenters 
received  its  classical  proportions  at  the 
hands  of  Ruhmkorff.  Faraday’s  first  in- 
duction-coil, shown  in  Fig.  636,  consisted 
simply  of  a ring  of  soft  iron  six  inches  in 
external  diameter,  on  which  two  sets  of 
coils,  and  b,  were  wound,  one  to  serve 
as  a primary  and  the  other  as  a secondary 
coil.  This  may  be  regarded  as  the  typical 
form  of  all  such  transformers,  which 
essentially  consist  of  a core  of  iron,  upon 
which  the  primary  and  secondary  coils  are  wound  in  such  a manner  that  the 
magnetic  lines  set  up  in  the  iron  by  a current  in  the  primary  coil  are  caused  to 


Fig.  636. — Faraday’s  First  Induction-Coil. 
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pass  with  as  little  leakage  as  possible  through  the  secondary  coil.  The  chief 
points  in  which  the  modern  transformers  differ  from  Fig.  636  are,  firstly,  that  the 
primary  and  secondary  coils  are  placed  somewhat  closer  together ; secondly,  that 
all  the  adjacent  iron  is  carefully  laminated,  so  as  to  avoid  as  much  as  possible  the 
generation  of  Foucault  or  eddy  currents  within  its  mass ; and,  thirdly,  that  often 
the  coils  have  not  only  an  iron  core,  but  are  almost  surrounded  by  iron,  being, 
as  it  were,  immersed  in  an  iron  medium. 

The  mathematical  analysis  of  the  working  of  a transformer  is  beyond  the 
scope  of  the  present  book,  but  it  may  be  briefly  stated  that  on  assuming  certain 
conditions  which  are  nearly  fulfilled  in  practice,  the  calculation  shows  that  the 
average  value  (t.e.  the  square-root  of  the  mean  square)  of  the  potential  difference 
at  the  terminals  of  the  primary  coil  bears  to  the  average  value  of  the  e.  m.  f. 
generated  in  the  secondary  coil  the  ratio  of  the  number  of  windings  on  the  first 
to  the  number  of  windings  on  the  second.  These  theoretical  results  have  been 
approximately  confirmed  by  actual  tests. 

Alternate  current  transformers  may  be  conveniently  divided  into  two  classes,  in 
one  of  which  the  magnetic  circuit  of  the  iron  is  completed  through  the  air,  and 
which  may,  therefore,  be  called  the  “ open  circuit  ” or  “ polar  ” transformers, 
since  when  the  transformer  is  working,  the  iron  will  have  distinct  external 
magnetic  poles.  In  the  other  class  the  magnetic  circuit  consists  entirely  of  iron 
tliroughout,  and  there  are  no  external  poles ; such  transformers  may,  therefore, 
be  distinguished  as  “closed  circuit”  or  “non-polar”  transformers.  Mr.  Gisbert 
Kapp  has  again  divided  this  latter  class  into  two  subdivisions,  namely,  “ core 
transformers,”  or  those  in  which  the  copper  coils  are  spread  over  the  surface  of 
the  iron  core,  enveloping  it  more  or  less  completely,  and  “ shell  transformers,” 
in  which  the  core  is  spread  over  the  surface  of  the  copper  coils,  forming,  as  it 
were,  a shell  over  the  windings. 

Open  Circuit  Transformers.— An  “open  circuit  ” transformer  has  been 
already  described  at  page  323)  Gaulard  and  Gibb’s  secondary  generator 

with  its  straight  iron  cores,  which  were  made  movable  so  that  they  could  be 
slid  in  and  out  in  order  to  adjust  the  electromotive  force  in  the  secondary 
circuit  by  altering  the  magnetic  permeability  of  the  space  inside  the  coils.  It  is 
still  a debated  question  as  to  whether  the  open  circuit  or  closed  circuit  trans- 
formers are  most  efficient,  the  advocates  of  the  former  contending  that,  with  an 
open  magnetic  circuit,  although  a greater  magnetising  current  is  necessary,  the 
loss  of  energy  due  to  “ hysteresis  ” caused  by  the  rapid  changes  of  magneti- 
sation of  the  iron  is  less  than  with  a closed  magnetic  circuit.  This  loss  must 
not  be  confounded  with  that  due  to  eddy  currents  in  the  iron ; these  can  be,  to  a 
great- extent,  eliminated  by  careful  lamination,  which  has  little,  if  any,  effect 
upon  the  loss  by  hysteresis.  Again,  since  in  the  open-circuit  type  there  is  more 
room  for  the  copper  coils,  rather  heavier  copper  wires  can  be  used,  and  thus 
the  loss  by  heating,  due  to  the  passage  of  the  current,  can  be  made  smaller. 

1 he  full  discussion  of  this  question  would,  however,  carry  us  beyond  the  scope 
of  the  present  work.  > 
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Fig.  637.  — Swin. 
burne’s  “Hedge- 
hog” Transformer. 


One  of  the  best  known  modern  transformers  of  the  open-circuit  type  is  the 
''■  Hedgehog"  transformer,  designed  by  Mr.  James  Swinburne.  Fig.  637  shows  its 
outward  appearance  with  the  non-magnetic  case  removed.  Through  the  centre 
passes  a cross-shaped  gun-metal  casting,  spread  out  at  one  end 
to  form  the  legs  and  at  the  other  to  take  the  terminal  board. 
Four  bundles  of  soft  iron  wire  are  put  into  the  four  recesses 
of  this  core,  and  the  ends  of  the  wires  are  spread  out,  giving 
the  rough  prickly  appearance  shown  in  the  figure,  from  which 
the  transformer  is  named.  The  iron  wire  is  taped  over  and 
the  secondary  circuit  wound  on  to  it.  Then  two  layers  of 
ebonite  are  slipped  over  the  secondary  circuit  and  the  primary 
circuit  wound  outside  it  in  two  compartments  separated  by 
ebonite,  with  which  also  the  terminal  flanges  are  faced.  The 
ends  of  both  circuits  carefully  insulated  are  brought  out  at 
the  top,  and  the  whole  transformer  encased  in  a stoneware 
jar,  in  which  no  eddy  currents  can  be  formed,  and  which  is 
also  non-magnetic.  It  is  claimed  that  the  all-day  efficiency 
of  such  a transformer  is  87  per  cent. 

Another  transformer  of  this  type  is  the  “ Cable  ” trans- 
former of  Messrs.  Siemens  Brothers  and  Co.,  shown  in 
Fig.  638.  The  cable  may  be  roughly  described  as  a submarine  cable  turned 
mside  out,  the  iron  being  inside  and  the  copper  outside.  The  core  consists  of 
wire  rope  made  of  soft  iron  wires  ^ 

which  are  covered  with  a specially-  |^-^| 

prepared  insulating  material.  Round 
this  are  wound  the  two  conductors 
of  copper  wire  which  are  to  form  the 
primary  and  secondary  circuits.  The 
transformer  is  now  practically  com- 
plete. It  can  be  used  either  laid 
out  straight,  or  suspended  in  a more 
or  less  horizontal  or  vertical  posi- 
tion, or  it  can  be  coiled  up  and  put 
in  a skeleton  frame,  as  shown  in  the 
figure,  and  the  terminals  of  the 
circuits  placed  on  the  top.  The 
150  horse-power  transformer  has  an 
efficiency  of  94  per  cent,  at  full  load, 

Q3athalf-load,and  90  at  quarter-load.  a\ 

Closed  Circuit  Transformers. — Faraday’s  first  mduction-coil  (Fig.  630; 
is  a transformer  of  this  class.  A more  modern  example  is  shown  in  Fig^639, 
which  represents  two  of  Mordefs  transformers,  as  manufactured  by  the  Brush 
Electrical  Engineering  Company.  These  are  “shell”  transformers  the  copp^ 
coils  being  completely  surrounded  by  iron  except  at  the  ends.  The  primary 


Fig.  638. — Siemens  Cable  Transformer. 
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alternate  current  is  led  in  at  two  of  the  binding  screws  shown  on  the  end 


plate  of  the  apparatus,  and  the  secondary  current  is  taken  off  from  the  other 
two.  The  construction  of  the  working  parts  will  perhaps  be  better  understood 
by  a reference  to  Fig.  640,  which 
represents  a section  through  the 
electric  and  magnetic  circuits  per- 
pendicular to  the  axis  of  the 
transformer. 

The  coils  of  copper  wire  e n 
and  N H,  shown  in  section,  are 
first  wound  with  the  requisite 
number  of  turns  and  carefully 
insulated  from  one  another.  Then 
the  rectangle  a b c d,  which  con- 
sists of  a thin  piece  of  iron,  has 
the  inner  rectangle  E F G H 
stamped  out  of  it  and  the  rect- 
angular piece  removed  from  the 
opening  covered  on  one  side  with 
paper  for  insulation.  A sufficient 
number  of  these  large  and  small 
rectangles  are  then  threaded  al- 
ternately over  and  through  the 
coils,  and  are  finally  clamped 
firmly  in  their  places  by  the 
mechanical  arrangements  which 
are  shown  in  Fig.  639.  The 
transformer  can  of  course  be  used 
in  any  position  which  is  con- 
venient. The  following  figures 
and  dimensions  refer  to  a trans- 
former designed  to  transform  a 
current  of  1-5  ampere  at  1,000 
volts  to  a current  of  3 7 '5  am- 
peres at  40  volts.  The  primary 
coil  consists  of  300  turns  of  copper 
wire  0-035  ii^ch  in  diameter,  with 
a resistance  of  10  ohms;  the 
secondary  coil  has  twelve  turns 
of  25  wires,  each  0-12  inch  in  diameter,  joined  in  parallel,  giving  a resistance  of 
0-014  ohm.  The  weight  of  copper  used  is  about  5 lbs.  in  the  primary  and 
Sj  lbs.  in  the  secondary  coil,  and  the  weight  of  the  iron  is  about  50  lbs.  The 
transformer  is  20  inches  long,  6 inches  high,  and  4 inches  wide,  and  has  an 
efficiency  of  97  -2  per  cent,  at  full  load. 


Fig.  639. — Mordey’s  Transformer. 
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Great  interest  attaches  to  the  transformers  used  in  connection  with  the  Deptford 
station  {see  page  623),  both  because  of  the  magnitudeof  the  installation  and  the  high 


Fig.  640. — Mordey’s  Transformer  (Section). 


pressures  employed  throughout  the  greater  part  of  the  transmission  and  distribu- 
tion of  the  energy.  The 
transformers,  as  well  as 
the  more  massive  parts 
of  the  plant,  were  de- 
signed by  Mr.  Ferranti. 
The  general  type  is  illus- 
trated in  Figs.  641  and 
642,  of  which  the  former 
shows  the  outside  ap- 
pearance as  seen  from 
the  end,  and  the  latter  is 
a side  view,  half  of  it  in 
section,  showing  the  ar- 
rangeu'.ent  of  the  coils 
and  the  magnetic  circuit. 
The  magnetic  circuit 
consists  of  thin  bands 

Fig.  641. — Ferranti  Transformer  {End  View).  of  soft  hoop-iron  lightly 
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insulated  from  one  another ; these  are  first  arranged  in  straight  bundles  and  the 
copper  coils,  wound  on  formers,  are  slipped  over  them.  The  hoop-iron  is  then 
bent  over  as  at  x (Fig.  642),  and  the  ends  from  the  fight  and  left  brought  back 
to  the  centre,  both  top  and  bottom,  where  they  overlap  and  are  clamped  tightly 
together  by  the  massive  frames  a a,  as  shown  in  Fig.  641,  where  c c c are  the 
iron  bands.  Returning  to  the  copper  coils,  of  these  the  thick  wire  coils  d d u 
(Fig.  642)  are  placed  next  to  the  central  core,  and  the  fine  wire  coils  are  wound 
outside  them.  All  the  coils  are  wound  in  small  sections,  which  are  carefully 
insulated  from  one  another. 


Fig.  642.— i-erranti  Transformer  ; Side  View  and  Section. 


Fig.  643  shows  a larger  Ferranti  transformer  for  use  in  the  sub-stations  in 
London  to  transform 
down  150  horse-power 
from  10,000  to  2,400 
volts  for  the  supply  of  a 
circumscribed  area  at 
the  latter  pressure.  In 
this  transformer  the  high- 
pressure  coils  H H are 
sandwiched  in  between 
two  sets  L L of  low-pres- 
sure coils.  Each  coil  is 
made  of  copper  strip 
separated  with  vulca- 
nised fibre  and  over- 
wound with  shellac  cloth 
and  vulcanised  fibre.  A 
number  of  these  flat  coils 
are  slipped  over  the  straight  lengths  of  hoop-iron  as  already  described,  and  are 
separated  from  one  another  by  a layer  of  insulating  material.  The  coils  of  each 
•set  are  connected  in  series,  and  the  low-pressure  coils  are  separated  from  the 
high-pressure  ones  by  sheets  of  ebonite  and  by  an  air  space.  The  iron  bands 
forming  the  magnetic  circuit  are  bent  round  and  overlap  as  shown,  and  there  are 
air  spaces  of  half  an  inch  between  adjacent  sets  of  bands.  When  in  use  the 
transformer  is  immersed  in  insulating  oil,  which  diminishes  the  risk  of  discharge 
between  the  high-pressure  coil  and  the  frame  or  the  low-pressure  coil : the  varioL 
spaces  provide  free  circulation  for  the  oil. 

insulation  of  a transformer  is  carried 
1 ur  er  y Mr.  Tesla  in  his  transformer  for  high  potential  working  This 
transformer  is  shown  in  section  in  Fig.  644.  The  thick  wire  or  primary  coil  p p 
IS  wound  upon  a wooden  mandrel  w in  two  sections,  the  four  ends  of  which  are 
d out  through  ebonite  tubes  Each  coil  consists  of  four  layerT  of  24 
rns  each,  insulated  from  one  another  by  cotton  cloth.  The  fine  wire  or 

ronsiltZ  If  "fu  bobbins  r r,  each 

sisting  of  a tube  t t 3-2  inches  internal  diameter  and  0-12  inch  thick,  with 
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flanges  f f g'6  inches  square  and  i‘2  inches  apart.  Best  guttapercha-covercd 
wire  is  used,  and  each  coil  consists  of  26  layers  of  10  turns,  also  separated  from 
one  another  by  cotton  cloth.  The  two  halves  are  wound  oppositely  and 
connected  in  series,  and  the  ends  led  out  through  the  thick  ebonite  tubes  ^i.  To 
prevent  sparking  from  primary  to  secondary  it  is  well  to  connect  the  middle 
point  of  the  latter  with  the  former.  The  coils  are  clamped  about  two  inches 


Fig.  643. — Ferranti  150  Horse-Power  Sub-Station  Transformer. 


apart  by  wooden  clamps,  and  fixed  with  wooden  supports  in  a wooden  box  b, 
surrounded  by  a sheet  of  zinc  z carefully  soldered  all  round.  The  box  is  filled 
with  insulating  oil,  which,  if  a spark  should  pass,  closes  up  again  and  restores 
the  insulation.  With  this  transformer  were  performed  the  striking  experiments 

already  referred  to  and  partly  described  on  pages  214  to  218. 

It  is  sometimes  required,  especially  in  connection  with  street  lighting,  to  use 
the  secondary  circuit  of  a transformer  to  light  arc  lamps  placed  in  series,  whilst 
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the  primary  circuit  receives  its  energy  from  constant  potential  mains.  In  this 
case  a constant  current  is  required  in  the  secondary,  whether  the  lamps  in  circuit 
be  few  or  many.  A very  ingenious  transformer  for  effecting  this  has  been  devised 
by  Professor  Elihu  Thomson.  It  is  diagrammatically  represented  in  Fig.  645. 


Fig.  644.— Tesla  Transformer  for  High  Potential  Vv  orking. 


e primary  and  secondary  circuits  are  separated  as  in  Faradav’-;  rina  U.- 
wound  in  different  parts  of  a peculiarly-shaped  and  laminated  cLe  c c’  Thf 
peculiarity  consists  in  providing  a gap  a for  magnetic  leakage  which  acts  thus  • 
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magnetic  leakage  at  a.  In  this  way  a less  magnetic  potential  difference  is  | 
required  to  drive  the  necessary  lines  through  the  secondary,  and  the  primary  i. 
current  adjusts  itself  to  the  new  conditions.  ] 

1 his  cutting  down  of  the  current  in  an  alternate-current  circuit  by  the  ^ 


Fig.  645. — Thomson-Houston  Constant  Current  Transformer. 


reaction  of  a secondary  circuit  increasing  the  inductance  is  made  use  of  in  an 
extremely  pretty  device  known  as  a “ choking  ” coil,  of  which  one  form,  also 
designed  by  Professor  Thomson,  is  illustrated  in  Fig.  646.  A laminated  circular 
iron  core  c is  overwound  for  about  one-eighth  of  its  circumference  with  a few 


Fig.  646. — Choking  Coil. 


turns  T of  the  circuit  that  is  to  be  regulated  by  the  choking  coil.  Inside  the 
iron  core  is  an  iron  drum  d mounted  on  an  axis  a,  round  which  it  can  be  turned. 
Attached  to  the  drum  is  a copper  shield  s,  which  slides  over  the  iron  core  and 
can  be  placed  over  the  coils  t.  Suppose  that  an  alternate  current  is  passing 
through  these  coils  and  that  the  copper  shield  s is  placed  over  them.  Currents 
will  be  induced  in  the  copper  shield,  which  forms  a closed  conducting  circuit. 
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These  currents  reacting  on  the  coils  t will  decrease  the  effective  inductance  of 
their  circuit  and  cause  an  increase  in  the  current  therein.  By  placing  the 
shield  s in  different  positions,  the  currents  in  it  and  their  reactive  effect  can  be 
altered,  and  thus  the  current  in  the  coils  t can  be  adjusted  within  certain  limits 
without  touching  the  circuit  in  which  it  flows. 

The  Zipernoivski  Transformer,  which  is  the  last  we  shall  describe,  was 
originally  a shell  transformer,  in  which  the  primary  and  secondary  coils  were  first 
constructed  and  placed  together,  and  were  then  over-wound  with  fine  iron  wire 
so  as  to  form  a kind  of  ring,  the  copper  coils  being  the  core  of  the  ring  and  the 


iron  wire  lying  outside  them.  Though  this  arrangement  formed  an  efficient 
transformer,  it  was  open  to  several  practical  objections  from  a commercial  point 
o view,  the  most  serious  being  that  if  anything  happened  to  the  insulation  of  the 
copper  coils,  repairs  were  difficult  and  costly.  This  old  type  has  now  been 
replaced  by  the  transformer  of  which  an  elevation  is  shown  in  Fig.  647,  and  a 
plan  in  Fig.  648.  The  magnetic  circuit  of  this  transformer  is  built  up  of  a number 

0 circular  ring-shaped  discs  of  iron  stamped  out  from  a flat  sheet  and  then  firmly 

form  the  frame- 

segments  o^f  primary  and  secondary  coil  are  wound  upon  the 

termimk  n i r between  the  clamps,  the  former  being  underneath.  The 
the  too  Th  ^ cut-outs  are  placed  on  a porcelain  disc  which  is  fixed  on 

1 28  .L.  is  able  to  transform  a current  of 

4 amperes  at  a pressure  of  1,926  volts  to  a current  of  75  amperes  at  a pressure 
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of  105  volts,  the  electric  pressure  being  therefore  reduced  in  the  ratio  at  18  to  i. 
These  figures  show  an  efficiency  of  95-5  per  cent. 

Fig.  649  is  intended  to  illustrate  a case  in  which  the  use  of  alternating 
transformers  would  be  practically  advantageous,  notwithstanding  the  loss  of 
energy  accompanying  the  double-transformations  at  b and  c.  a is  a Mordey 
alternate  current  dynamo  with  its  direct  current  exciter,  both  driven  by  one  set 
of  ropes  from  some  prime  mover  such  as  a steam  engine  or  turbine.  This 
dynamo  produces  a current  of  200  amperes  at  an  electric  pressure  of  100  volts, 
and  is  placed  where  the  power  is  available  for  driving  it.  The  current,  however. 


Fig.  648. — Zipernowski  Transformer  (Plan).  Scale  — -J-  of  full  size. 


is  not  required  at  this  place,  but  is  to  be  utilised  at  d,  which  is  at  some  distance, 
say  10  miles,  from  the  dynamo.  If  the  2ob-arapere  current  be  transmitted, 
either  a heavy  and  therefore' expensive  conductor  must  be  used,  or  a considerable 
fall  of  electric  pressure  between  the  stations  a and  d will  occur.  In  order, 
therefore,  to  use  a comparatively  fine  conductor,  and  at  the  same  time  to 
avoid  a heavy  fall  of  pressure,  the  transformer  b is  placed  close  to,  and  its 
thick-wire  coil  is  connected  with  the  terminals  of,  the  dynamo.  The  fine-wire 
coil  of  the  transformer  is  then  connected  to  the  properly  insulated  transmitting 
lines  between  l and  n,  and  sends  into  these  lines  an  alternating  current  of 
10  amperes  at  a pressure  of  nearly  2,000  volts.  Great  care  must  be  taken  with 
the  insulation  of  these  line  wires,  not  only  in  order  to  prevent  loss  of  energy, 
but  also  because  a conductor  subjected  to  an  alternating  potential  difference 


200  AMPERESAT  100  VOLTS 
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iiimmhil 


Fig.  649. — Alternating  Transformers  in  Practical  Use. 
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approaching  2,000  volts  may  become  dangerous  to  life  if  badly  insulated. 
At  the  distant  station,  in  order  to  bring  the  pressure  within  the  required  limits, 
the  fine-wire  coil  of  the  transformer  c is  inserted  in  circuit  with  the  line  wires 
between  l and  n ; and  from  the  thick-wire  coil  of  c a current  of  ^00  amperes  at 
nearly  100  volts  can  then  be  drawn  and  used  to  light  the  lamps  in  the 
electrolier  d and  for  other  purposes.  Thus  the  electrical  energy  produced  at  a, 
where  the  mechanical  power  is  situated,  is  utilised  at  d,  several  miles  away,  with 
little  loss  in  transmission. 

CONTINUOUS  CURRENT  TRANSFORMERS. 

Motor  Dynamos. — The  second  class  of  transformers  suitable  for  con- 
tinuous currents  are  variously  known  as  “Motor  Dynamos,”  “ Motor  Generators,” 
“ Dynamotors,”  and  “ Continuous  Current  Transformers.”  The  principles  of 
their  action  are  easily  understood.  As  we  shall  show  in  the  section  on  the 
“ Transmission  of  Energy,”  the  modern  continuous  current  dynamo  is  reversi- 
ble ; that  is,  if  you  supply  it  with  electric  current  energy  the  movable  part  will 
rotate  with  proportionate  power  sufficient  to  drive  machinery,  and  do,  within  its 
range,  the  work  of  a steam-engine  or  other  prime  mover. 

Suppose  now  that  such  a reversed  dynamo,  or  “ electric  motor  ” as  it  is 
called,  be  supplied  with  energy  in  the  form  of  an  electric  current  at  a high 
potential.  The  machine  will  rotate,  and  can  be  used  to  drive  by  belting  or  by 
direct  coupling  a low  pressure  continuous  current  dynamo.  The  latter  will  then 
generate  a much  larger  current  than  that  supplied  to  the  motor,  but  at  a cor- 
respondingly lower  pressure.  In  this  way  a small  current  at  a high  pressure  may 
be  “ transformed  ” into  a large  current  at  a low  pressure. 

Some  possible  simplifications  are  obvious.  Suppose  the  two  machines  to 
have  their  armatures  coupled  together  on  the  same  shaft,  each  armature  rotating 
within  its  own  field  magnets.  One  simplification  would  be  to  suppress  one  of 
the  sets  of  field  magnets,  and  cause  both  armatures  to  rotate  within  the  other 
set.  This  points  to  a further  modification  in  which  the  two  armature  cores  are 
combined  into  one,  which  is  then  wound  with  two  entirely  distinct  circuits  pro- 
vided with  separate  commutators,  which  two  circuits  represent  the  armature 
circuits  of  the  motor  and  dynamo  of  the  first  combination.  A machine  so  con- 
structed is  called  a “ motor  dynamo.” 

In  Fig.  650  is  illustrated  an  Elwell  Parker  motor  dynamo,  as  made  by  the 
Electric  Construction  Corporation,  and  used  at  the  Oxford  Central  Station.  At 
first  sight  it  might  be  mistaken  for  an  ordinary  dynamo,  from  which,  however,  it 
differs  in  having  a commutator  at  each  end  and  in  the  absence  of  the  driving 
pulley.  The  commutator  at  the  right-hand,  side  is  for  the  high  pressure  motor 
circuit  of  the  machine,  which  when  fully  loaded  is  intended  to  receive  on  that 
commutator  a current  of  about  43  amperes  at  1,000  volts.  This  current  will 
cause  the  armature  to  rotate  at  a speed  of  550  revolutions  per  minute,  at  which 
speed  there  can  be  drawn  off  from  the  other  commutator  a current  of  360 
amperes  at  no  volts.  Thus  the  efficiency  at  full  load  is  92  per  cent.  In  this 
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Fig.  650.— El  well  Parker  Motor-Dynamo. 
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particular  machine  the  field  magnets  are  first  excited  by  the  current  from  a 
secondary  battery ; but  when  the  full  speed  has  been  acquired,  a current  from 
the  low  pressure  commutator  can  be  used.  The  bearings  are  continuously 
lubricated  by  special  oil-pumps,  so  that  the  machine  requires  very  little  attention. 

The  considerations  which  govern  the  design  of  the  armature  and  field 
magnets  in  motor  dynamos  are  much  the  same  as  those  which  we  have  referred 
to  when  treating  of  dynamos,  and  it  is  therefore  unnecessary  to  repeat  them. 
In  the  winding  of  the  motor  dynamo  armature  there  is,  however,  a serious  addi- 
tional electrical  difficulty  in  the  necessity  for  good  insulation  between  the  two 


Fig.  651. —Quadruple  Circuit  Motor-Dynamo. 


sets  of  windings,  for  contiguous  wires  belonging  to  the  two  circuits  may  be  at 
very  different  .potentials.  In  a well-designed  dynamo  armature  neighbouring 
wires  do  not  differ  much  in  potential.  This  difficulty  of  efficient  insulation  is 
such,  that  some  engineers  still  advocate  the  winding  of  the  two  circuits  on 
separate  armatures.  In  the  above  machine  the  field  magnets  were  of  the 
“ overtype  " form  described  at  page  335.  We  shall  now  describe  a some- 
what different  machine  in  which  the  field  magnets  are  of  the  double  magnetic 
circuit  type  referred  to  at  page  337. 

This  motor  dynamo  is  illustrated  in  Fig.  651.  There  are  no  less  than  four 
separate  circuits  wound  upon  its  armature,  each  circuit  having  its  own  commu- 
tator, there  being  two  of  these  at  each  side.  The  machine  was  specially  designed 
to  act  as  a “compensator”  on  the  five  wire  system  of  distribution  described  at 
page  617.  The  four  armatures  are  joined  in  series  with  one  another,  and  the 
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two  outside  points  of  the  series  are  connected  across  the  external  wires  or  main 
feeders  of  the  system,  whilst  the  intermediate  junctions  are  connected  to  the 
other  three  intermediate  wires  taken  in  proper  order.  The  field  magnets  are 
excited  by  a shunt  current  drawn  from  the  main  feeders,  which  have  a p.  d.  of 
4S0  volts.  If  the  four  different  sections  of  the  system  are  all  at  the  proper 
p.  D.  of  120  volts,  a small  current  flows  through  the  four  armature  circuits,  and 
the  armature  rotates.  Should,  however,  the  p.  d.  of  any  section  increase  b)'^  i or 
2 volts,  the  armature  circuit  connected  with  it  receives  considerably  more  current, 
and  the  armature  rotates  more  rapidly.  As  at  the  same  time  the  p.  d.  of  the 
other  sections  must  have  fallen,  since  the  whole  p.  d.  is  kept  at  480,  these 
sections  will  receive  current  from  the  corresponding  parts  of  the  armature  which 
now  act  as  generators.  Thus  the  first  armature  circuit  tends  to  lower  the  raised 
p.  D.  on  Its  section,  whilst  the  other  three  by  supplying  current  tend  to  keep  up 
the  lowered  p.  d.  on  their  section.  In  this  way  the  machine  exercises  a very 
effective  automatic  regulation.  ^ 

The  two  foregoing  illustrations  will,  we  hope,  enable  our  readers  to  under- 
stand the  general  principles  underlying  the  use  of  motor-dynamos  as  continuous 
current  transformers. 

MEASURING  INSTRUMENTS. 

In  the  first  section  of  this  work  we  have  described  {see  pages  134  et  seq.)  some 
of  the  galvanometers  used  for  measuring  the  small  electric  currents  with  which 

deTebpr^^^^  engineering  received  the  enormous 

development  of  the  last  fifteen  to  twenty  years.  This  development  has,  however 

aTcurlrtt'r^^^^^^  instruments  of  precision  capable  of  measuring 

accurately  the  much  larger  currents  and  voltages  than  were  met  with  in  tele 

^aphy  or  any  of  the  preceding  applications  of  electricity  to  the  service  of  man 
Moreover  the  varied  and  special  conditions  under  which  the  insPumen^  W 
0 be  used  have  reacted  on  the  designs,  with  the  result  that  there  b aTailable 

ctecribe  .he  i„s..„„e„.s  designed  .0  n^easuL^re^  soon  .n  d^re^fer 

(a  centre  ion  „f  T ^ ” 

pressures  The  .ern.s  are  now  very  generTuyTs^  corresponding 

a conrderrioror;iT:rrr ‘"'-St.  but 
development  has  taken  place.  showing  the  lines  along  which 
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The  earliest  one  in  order  of  time  is  Deprez’s  galvanometer  for  large  currents, 
represented  in  Figs.  652  and  653.  h is  a horse-shoe  magnet ; R a wooden  frame, 
which  carries  a copper  band,  and  several  windings  of  wire  d.  One  set  of  binding 


Fig.  652. — Deprez’s  Galvanometer  for  Large  Currents. 


screws  K is  in  connection  with  the  copper  band,  and  the  other  binding  screws 
Kj  are  in  connection  with  the  coil.  Inside  the  frame  is  a soft  iron  plate  s,  which 
has  ten  incisions  on  each  side,  and  moves  round  a horizontal  axis  upon  two 

knife  edges.  One  of  these  edges 
is  seen  at  a in  Fig.  653.  The  parts 
of  s become  magnetised  by  induc- 
tion of  the  magnet,  and  whenever 
an  electrical  current  flows  round 
them  they  are  deflected  from  their 
position  of  rest.  When  the  galva- 
nometer has  no  current  the  little 
weight  G helps  to  bring  the  iron  plate 
back  into  its  first  position.  The 
motion  of  the  plate  is  indicated  by 
the  pointer  z,  which  moves  along  the 
scale  T.  To  make  it  more  con- 
venient for  use,  the  instrument  is 
usually  gauged  in  amperes ; that  is 
to  say,  it  is  determined  by  experi- 
ments in  what  proportion  the  divi- 
sions on  the  scale  stand  to  an  ampere. 
The  galvanometer  or  ammeter  of  Ayrton  and  Perry  also  gives  direct  readings 
in  amperes.  A very  light  magnetic  needle  c (Fig.  654)  can  move  freely  m the 
magnetic  field  formed  by  the  pole-pieces  N and  s of  the  magnet  a b.  The  two 
coils  D D consist  each  of  ten  wires,  and  are  so  arranged  that  each  deflection  of 
the  needle  is  directly  proportional  to  the  strength  of  the  current.  The  wires  are 


Fig.  653.— Deprez’s  Galvanometer. 
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in  connection  with  a cylinder  having  contact  springs  (Fig.  655).  By  simply 
turning  this  cylinder,  the  ten  separate  circuits  of  the  instrument  can  be  arranged 
cither  in  series  or  parallel.  The  instrument  was  very  sensitive,  and  was  also 
easily  graduated  at  any  time.  In  both  Deprez’s  and  Ayrton  and  Perry’s 
instruments  the  influence  of  the  earth’s  magnetism  is  reduced  to  a minimum  by 
having  the  needle  in  a strong  magnetic  field.  Ayrton  and  Perry  constructed  a 
voltmeter  on  a similar  principle  to  that  of  their  ammeter.  The  difference  was 
that  the  voltmeter  had  coils  of  400  ohms  resistance,  and  measured  the  difference 
of  potentials  between  two  points  in  volts,  whereas  in  the  ammeter  the  resistance 
in  series  was  about  o'3  ohm  and  parallel  o'oo5,  the  latter  being  more  than  one- 
hundredth  of  the  former,  in  consequence  of  the  resistance  of  the  small  leading  wires 


Fig.  654.— Ayrton  and  Perry’s  Ammeter.  Fig,  655. — Ayrton  and  Perry’s  Ammeter. 


inside  the  instrument.  The  ammeter  was  calibrated  in  series  and  generally  used  in 
parallel  circuit,  whereas  the  voltmeter  was  calibrated  in  parallel  circuit  and  used 
generally  in  series,  and  then  indicated  from  i volt  per  degree  in  some  instruments 
to  5 volts  per  degree  in  others,  the  total  deflection  of  45°  in  the  latter  case  being 
obtained  with  225  volts.  But  just  as  the  ammeter  could  be  conveniently  used  in 
series,  when  testing  the  comparatively  small  currents  passing  through  a single 
incandescent  lamp,  so  the  voltmeter  could  be  used  in  parallel  circuit  for  testing 
electromotive  forces  of  two  or  three  volts,  such  as,  for  example,  the  electro- 
motive forces  of  one  or  two  Faure’s  accumulators.  To  calibrate  the  voltmeter, 
the  commutator  was  turned  to  parallel,  and  a current  sent  through  the  instru- 
ment by  a cell  of  known  electromotive  force  e,  but  of  unknown  resistance, 
producing,  say,  a deflection  of  ; the  plug  attached  to  the  instrument  was  now 
taken  out,  which  had  the  effect  of  adding  a resistance  of  4 ohms  to  the  circuit, 
and  a second  deflection  was  obtained.  From  this  it  can  easily  be  proved 

that  an  electromotive  force  10  volts  between  the  terminals  of  the 

instrument  would  produce  a deflection  of  10°  when  the  commutator  was  set  to 
parallel,  or  i ° when  set  to  series. 
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The  instrument  just  described  was  afterwards  improved,  but  was  eventually 

replaced,  for  many  pur- 
poses, by  an  entirely  dif- 
ferent type  designed  by 
the  same  inventors,  known 
either  as  the  “ Solenoid 
Ammeter,”  or  the  “ Magni- 
fying Spring  Ammeter.”  It 
is  shown  in  Fig.  656,  whilst 
the  spiral  spring  used  in 
it  is  shown  separately  in 
F’g-  657.  This  form  of 
spring  has  the  property,  first 
pointed  out  by  Professors 
Ayrton  and  Perry,  that  if 
one  end  be  fixed  and  the 
other  be  free  to  turn,  for 
a small  extension  of  the 
spring  there  is  a compara- 
tively large  proportional 
rotation  of  the  free  end.  It 
is  therefore  well  adapted 
for  magnifying  a small 
lateral  extension  into  a large 
rotational  deflection. 

In  Fig.  656  such  a 
spring  s is  attached  at  its 

upper  end  to  the  milled  head  h and  hangs  freely  down. 

At  its  lower  end  is  attached  a cap  c which  supports  a so/i 
iron  tube  T x,  the  upper  end  of  which  carries  an  aluminium 
pointer  which  moves  over  a graduated  scale ; x x is  quite 
free  to  rotate  with  the  lower  end  of  the  spring.  The  current- 
carrying  conductor  is  wound  in  the  space  w w outside  the 
tube,  in  the  form  of  a solenoid,  of  which  the  tube  and  spring 
form  the  vertical  axis.  On  a current  passing  through  this 
solenoid  the  soft-iron  tube  is  sucked  downwards,  thus  stretch- 
ing the  spiral  spring  and  causing  its  lower  end  to  rotate. 

The  amount  of  rotation  is  indicated  by  the  pointer  on  the 
dial.  The  scale  below  the  pointer  can  therefore  be  marked 
with  either  the  amperes  or  the  volts  corresponding  to  the 
various  deflections  of  the  pointer,  according  as  the  instru- 
ment has  been  wound  for  an  ammeter  or  a voltmeter. 

The  same  pattern  of  electro-magnetic  instrument  which 
is  suitable  for  an  ammeter  can  also  be  used  for  a 


Fig.  656.— Ayrton  and  Perry’s  “Magnifying  Spring’ 
Ammeter. 


Fig.  657.— Spring  of 
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voltmeter  for  continuous  currents  if  differently  wound.  In  the  first  case 
the  winding  consists  of  a few  turns  of  very  thick  wire,  and  the  whole  current 
to  be  measured  passes  through  the  instrument.  In  the  second  case  many 
turns  of  fine  wire  are  wound  on,  and  the  in- 
strument is  placed  as  a shunt  across  the  mains 
whose  P.  D.  has  to  be  measured. 

A type  of  electro-magnetic  ammeter  or  volt- 
meter which  is  very  widely  used  is  that  in  which 
the  controlling  force  counterbalancing  the  action 
of  the  current  is  due  to  gravity.  A good  form 
of  such  an  instrument,  designed  by  Messrs. 

Nalder  Brothers  and  Co.,  is  shown  in  Fig.  658, 
whilst  the  details  are  fully  depicted  in  Fig.  659. 

A light  pointer  p pivoted  on  an  axle  a carries 
at  its  shorter  end  a small  bundle  n of  soft-iron 
wires.  These  wires  project  backwards  into  the 
hollow  core  of  the  coil  of  a solenoid  b b. 

When  a current  passes  through  the  solenoid  a 
magnetic  field  is  set  up  in  the  core-space  c c which  is  stronger  at  the  edges  than 
along  the  axis.  Now  a piece  of  soft  iron  in  a non-uniform  magnetic  field  always 
tends  to  move  towards  the  strongest  part  of  the  field.  Neither  the  axle  a nor 

the  wires  n are  at  the 
axis  of  the  solenoid,  and 
they  are  so  arranged  that 
when  the  magnetic  field 
is  set  up  the  wires  n are 
free  to  move  towards  a 
stronger  part  of  the  field 
in  such  a way  that  the 
pointer  p deflects  to 
the  right.  The  pivoted 
system  is  so  balanced 
that  when  the  instru- 
ment is  set  up  in  a vertical  position  with  no  current  passing  through  it,  the 
pointer  p stands  opposite  the  zero  of  the  scale.  When  the  current  passes  p is 
drawn  out  of  its  balanced  position,  to  which  gravity  tends  to  restore  it.  Under 
these  conflicting  influences  the  pointer  takes  up  a position  that  depends  on  the 
current  in  the  solenoid  b b^  and  the  mark  on  the  scale  indicates  either  the 
amperes  passing  through  the  coil  in  the  case  of  an  ammeter,  or  the  volts  causing 
the  current  in  the  case  of  a voltmeter. 

The  Siemens  electro-dynamometer  described  at  page  169  is  largely  used  for 
ammeter  and  voltmeter  purposes,  and  many  other  kinds  of  instruments  have 
also  been  designed  in  which  various  forms  of  spiral  springs,  or  of  permanent  or 
electro-magnets,  have  been  used  to  counterbalance  the  effect  of  the  current. 


Fig.  659. — Details  of  Nalder’s  Gravity  Ammeter. 


Fig.  658. — Nalder’s  Gravity 
Ammeter. 
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Space  will  not  permit  us  to  describe  these  even  briefly,  but  we  cannot  pass  by 
a class  of  instruments  in  which  the  heating  effect  of  the  current  is  used  for 
purposes  of  measurement.  These  instruments,  however,  are  only  available  as 

voltmeters,  no  satisfac- 
tory ammeter  having 
as  yet  been  designed 
on  this  principle. 

The  best  known 
and  most  widely  used 
“ hot-wire”  voltmeter  is 
that  originally  designed 
by  Major  Cardew,  of 
which  we  show-  the 
chief  working  parts  in 
Fig.  660.  The  current 
passing  through  the 
instrument,  or  rather 
the  terminal  volts  caus- 
ing the  current,  are 
measured  by  the  ex- 
tension which  the  heat 
generated  by  the  cur- 
rent causes  in  a fine 
platinum-silver  wire  a- 
bout  thirteen  feet  long. 
The  current  entering 
at  T.^  passes  first  through 
a fusible  cut-out  of  very 
fine  wire  to  the  screw  a. 
It  then  enters  the  pla- 
tinum-silver wire  which 
passes  from  a over  a 
fixed  ivory  pulley  at 
the  other  end  of  long 
tube  t t.  From  Pj  it 
passes  back  along  the 
tube  to  a movable  ivory 
fig  660.— Cardew’s  “ Hot-Wire  ” Voltmeter.  pulley  /j,  back  again 

to  another  fixed  pulley 

Pn,  and  then  back  to  a fixed  block  b to  which  its  other  end  is  attached. 
The  wire  thus  traverses  the  tube  t t four  limes.  It  is  stretched  taut  by 
means  of  a fine  cord  attached  to  the  block  of  the  movable  pulley  ; this 
cord  passes  round  the  wheel  w and  is  stretched  by  the  spiral  spring  Sj.  Thus, 
if  the  wire  lengthens  by  being  heated,  the  pulley  is  drawn  down  and  the  wheel 
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w rotates.  On  the  axis  of  w is  a toothed  wheel  l which  gears  into  a pinion  m, 
whose  axis  carries  the  pointer  which  moves  over  a scale  on  a dial  not  shown  in 
the  figure.  The  block  b is  electrically  connected  to  the  terminal  t„,  so  that  it  is 
the  p.  D.  between  and  Xg  which  causes  the  current  in  the  wire,  and  which  is 
measured  by  the  indications  of  the  pointer  on  the  dial.  A second  and  similar 
platinum-silver  wire  occupies  the  tube  t' ; its  ends  are  attached  to  the  spiral 

spring  So  and  the  block  c,  whilst  its  movable  pulley is  attached  to  the  spring 
S3.  Electrically  this  wire  joins  the  terminals  Xg  and  Xg  ; its  extension  is  not 
measured,  its  purpose  being  to  double  the  resistance,  and  therefore  to  halve  the 
sensitiveness  of  the  instrument,  thus  practically  doubling  its  range,  for  the  read- 
ing when  a certain  p.  d.  is  put  between  x^  and  Xg  is  only  half  as  great  as  when  the 
same  p.  d.  is  put  between  x^^  and  Xg. 

The  quadrant  electrometer,  described  at  page  47,  has  been  modified  by  Lord 
Kelvin  himself,  and  by  others,  to  render  it  available  for  measuring  the  pressures 
usually  employed  in  heavy  electrical  work,  and  also  to  enable  it  to  stand  the 
rough  usage  to  which  instruments  so  employed  are  often  subjected.  Our  space 
unfortunately  will  not  allow  us  to  describe  these  modified  electrometers. 

Electric  Meters.  — Probably  the  instruments  of  most  interest  to  the 
general  public  are  not  those  used  in  the  central  station  to  measure  the  currents 
and  the  pressures,  but  those  by  which  the  total  quantity  of  energy  supplied  to  the 
consumer  is  ascertained  and  charged  for.  The  development  of  electric  lighting 
has  had  one  remarkable  consequence,  in  that  for  the  first  time  in  the  history  of 
mankind  energy  is  now  bought  and  sold  directly  a.  energy,  and  not  indirectly 
as  so  much  food,  coal,  etc.  A class  of  instruments  has  therefore  had  to  be 
esigned  capable  of  measuring  energy  as  such,  so  as  to  serve  for  a basis  for  the 
transactions  of  the  buyers  and  sellers.  At  present  these  instruments  only 
measure  energy  when  it  is  in  the  form  of  electricity  in  motion,  but  when  once 
men  s minds  have  become  familiarised  with  the  idea  of  energy  as  an  article  of 

commerce  it  is  not  impossible  that  other  forms  of  energy  may  be  directly 
measured  for  similar  purposes.  ^ airectly 

e unit  of  energy  used  in  these  islands  is  the  kilowatt-hour  that  is  the 

amount  of  energy  supplied  by  an  electric  current  of  a power  of  one  thousand 
watts  (one  k.lowatt)  flowing  for  one  hour.  Our  readers  will  rentember  that  the 

Sp,;i7the  t - “Stained 

multiplying  the  value  of  the  current  in  amperes  by  the  p.  d.  in  volts  Thus  for 

Of  to  ™ ’e^: 

g or  one  hour  under  a pressure  of  100  volts.  This  unit  is  now  usuallv 
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658 


Electricity  in  the  Service  of  Man. 


quantity  of  electricity  passing,  without  regard  to  the  pressure.  The  first  class 
are  properly  called  Energy  Meters,  whilst  the  second  class  are  Coulomb- 
meters,*  and  in  interpreting  their  record  the  p.  d.  of  supply  has  to  be  taken  into 
account  and  must  be  assumed  to  have  been  kept  constant.  As  already  pointed 
out  (page  635),  the  factors  of  electric  current  energy  are  the  current  (c),  the 

potential  difference  (e), 
and  the  time  (t)  ; or  in 
symbols  the  energy 


Coulomb-meters  are  in- 
struments which  give  the 
total  value  of  the  pro- 
duct c T when  a current, 
either  steady  or  other- 
wise, is  passed  through 
them  for  a definite  time 
T.  To  get  the  value  of 
the  energy  their  indica- 
tions must  therefore  be 
multiplied  by  the  mean 
value  E of  the  potential 
difference.  On  the  other 
hand,  energy  meters  give 
at  once  the  value  of  the 
product  E c T,  and  there-  ■ 
fore  follow  the  changes 
in  E as  well  as  those 
in  c. 

The  first  form  of  meter 
Fig.  661.— Edison’s  Public  Supply  Meter.  used  for  public  supply 

purposes  was  invented 

by  Edison,  and  was  based  on  the  principle  of  the  voltameter  explained  at  page  15 1. 
As  the  weight  of  the  ions  separated  in  a voltameter  is  proportional  to  the  total 
quantity  of  electricity  that  has  been  passed  through,  all  instruments  of  this  type 
are  essentially  coulomb-meters.  Edison  made  use  of  a zinc  voltameter,  that  is, 
a voltameter  consisting  of  plates  of  zinc  in  a solution  of  zinc  sulphate ; the 
weight  of  zinc  deposited  on  the  kathode  directly  measures  the  total  number  of 
coulombs  supplied  to  the  consumers,  and  these  multiplied  by  the  volts  and 
divided  by  3,600,000  (3,600  x 1,000)  give  the  number  of  Board  of  Trade  units 

delivered.  • j • 

The  early  forms  of  the  Edison  Coulomb-meter  will  be  found  described  m the ; 

previous  editions  of  this  book.  The  most  recent  form,  embod)ing  all  the, 


* The  Coulomb  is  defined  on  page  231. 
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improvements  suggested  by  long ‘experience,  is  depicted  in  Fig.  661.  It  is 
known  as  the  “.Standard  Three-Wire  Meter,”  since  there  are  two  circuits  through 
the  meter,  so  that  current  drawn  from  either  side  of  a three-wire  system  will  be 
measured.  The  conductors  leading  from  the  external  wires  of  the  distributing 
mains  are  cut,  and  the  gap  in  each  case  bridged  by  one  of  the  circuits  of  the 
meter.  Taking  one  of  these  circuits,  the  bulk  of  the  current  passes  through  one 
of  the  zigzags  of  stout  German-silver  strip  seen  in  the  top  of  the  case.  The 
voltameters  are  placed  in  a branch  circuit,  so  that  only  a definite  fraction  of  the 
total  current  passes  through  them.  This  circuit  contains  not  only  the  voltameter, 
but  also  a coil  of  fine  copper  wire,  which  can  be  seen  behind  the  voltameter  on 
the  right,  and  whose  resistance  still  further  diminishes  the  current  through  the 
voltameter.  The  copper  coil  has,  however,  a still  more  important  function.  It 
is,  of  course,  necessary  for  accurate  work  that  the  ratio  of  the  resistances  of  the 
main  and  branch  circuits  should  remain  the  same  at  all  temperatures.  Unfor- 
tunately, however,  the  resistance  of  zinc  sulphate  varies  widely  with  change. of 
temperature,  diminishing  as  the  temperature  rises.  Copper  also  varies,  but  in 
the  opposite  direction,  whilst  the  variation  of  German-silver  is  but  slight.  It  can 
readily  be  seen,  therefore,  that  by  combining  a proper  resistance  of  copper  with 
the  zinc  sulphate  in  the  branch  circuit,  the  resistance  of  that  circuit  can  be  made 
to  vary  proportionately  with  that  of  the  German-silver  in  the  main  circuit,  and 
thus  the  ratio  of  the  two,  and  therefore  the  ratio  of  the  currents  in  them,  will 
remain  constant. 

Each  voltameter  consists  of  two  vessels,  each  containing  two  plates  made  of 
zinc  cast  with  two  per  cent,  of  mercury.  As  can  be  seen  in  the  figure,  the  two 
vessels  of  one  voltameter  are  in  parallel  with  one  another,  so  that  the  current 
divides  between  them,  and  chemical  action  takes  place  in  each,  zinc  being 
deposited  on  the  kathodes  and  dissolved  off  the  anodes.  The  meters  are 
periodically  inspected,  and  at  definite  intervals  the  voltameters  are  replaced  by 
others,  the  old  ones  being  taken  to  the  station,  where  the  plates  are  weighed, 
and  the  account  for  the  energy  supplied  calculated  from  the  weighings. 

The  metres  are  made  in  four  standard  sizes,  numbered  i,  2,  4,  and  8 
respectively.  The  resistances  are  so  proportioned  in  the  various  sizes  that  the 
deposition  of  10  milligrammes  of  zinc  in  the  voltameter  denotes  the  number  of 
ampere-hours  indicated  by  the  number  of  the  meter.  Thus,  in  No.  4 meter  the 
deposition  of  the  above  weight  of  zinc  measures  the  passage  of  4 ampere-hours 
of  electricity.  An  ampere-hour  is  3,600  coulombs. 

One  great  disadvantage  of  voltametric  meters  is,  that  it  is  impossible  with 
them  for  the  consumer  to  ascertain  his  consumption  from  time  to  time,  and  thus 
be  in  a position  to  check  any  waste  that  may  be  going  on.  The  majority  of 
modern  meters  are  therefore  so  designed  that  the  energy  consumed  is  indicated 
on  a dial  or  dials  like  those  of  a gas-meter,  so  that  the  consumer  can  readily 
read  off  the  amount  of  energy  used  up  to  the  time  of  reading.  The  variety  of 
such  meters  produced  up  to  the  present  is  great,  and  we  must  therefore  be 
content  to  describe  two  only,  selecting  for  our  purpose  two  that  are  widely 
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used  and  which  employ  very  different  principles  for  the  purposes  of  measurement 
In  each  case  the  selected  meter  is  an  “Energy  Meter.” 

The  first  that  we  shall  describe  may  be  called  a “ clock  ” meter,  since  the 
power  supplied  simply  controls  the  rate  of  going  of  a clock,  the  clock  being 
accelerated  proportionately  to  the  power.  The  principle  employed  was  originally 
suggested  and  used  by  Professors  Ayrton  and  Perry,  who  in  1882  constructed 
an  energy  meter  in  the  form  of  a clock  whose  pendulum  was  electro-magnetically 
controlled.  The  idea  was  modified  by  Dr.  Aron,  and  one  of  the  forms  which 
he  uses  is  shown  in  Fig.  662.  Two  separate  clocks,  each  controlled  by  its  own 

pendulum,  are  mounted  on  the  same  base  plate.  The 
last  wheels  of  the  train  of  each  clock  are  so  geared 
together  that  if  the  clocks  are  going  at  the  same  rate 
111  IIIIB*  counting  dials  seen  in  the  figure  are  not  affected. 
If,  however,  one  clock  gains  on  the  other,  the  dials 
register  the  total  gain.  One  of  the  pendulums,  that 
on  the  left,  is  an  ordinary  pendulum  with  the  usual 
adjustments,  but  the  other  has  a bob  consisting  of  a 
solenoid  of  fine  wire,  which  swings  inside  a larger 
solenoid  of  thick  wire.  The  fine  wire  solenoid  is  put 
as  a shunt  across  the  supply  mains,  and  thus  takes 
the  place  of  the  fine  wire  coil  of  a voltmeter,  whilst 
the  thick  wire  coil  carries  the  whole  current  supplied 
and  acts  as  the  coil  of  an  ammeter.  The  joint  effect 
of  the  currents  in  the  two  coils  on  the  rate  of  swing 
of  the  pendulum  is  proportional  to  the  products  of 
those  currents,  that  is,  to  the  volt-amperes  or  watts 
supplied.  Thus,  the  right-hand  clock  is  made  to  err 
the  watts,  and  therefore  the  total  error  in  a given 
be  proportional  to  the  total  energy  supplied.  This  error  is 
by  the  readings  on  the  dials,  which  thus  register  the  energy 


Fig.  662. — Dr.  Aron’s  Energy 
Meter. 


at  a rate  proportional  to 
lime  will 
indicated 
consumed. 

The  last  meter  we  have  space  to  describe  is  selected  from  a very  large  class 
of  meters  which  are  in  reality  small  electric  motors,  so  controlled  that  the  speed 
of  rotation  of  the  armature  is  proportional  to  the  power  that  is  being  supplied, 
and  therefore  the  total  number  of  revolutions  of  the  armature,  which  can  be 
automatically  counted  quite  easily,  measure  the  total  energy.  The  great  difficulty 
is  to  ensure  the  above-mentioned  proportionality  between  speed  and  power,  and 
many  are  the  devices  adopted  for  the  purpose.  Another,  though  minor,  difficulty 
is  to  so  far  reduce  the  frictional  resistances  that  the  armature  will  rotate  even 
when  the  power  to  be  measured  is  only  a small  fraction  of  the  ma.ximum  for 
which  the  meter  is  designed. 

The  particular  meter  illustrated  in  Fig.  663  was  designed  by  Professor  Elihu 
Thomson,  and  is  very  widely  used.  The  two  large  fixed  coils  which  are  so 
prominent  are  the  field-magnet  coils  of  the  motor ; they  carry  the  total  current 
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supplied,  but  have  no  iron  cores,  the  magnetic  circuit  of  this  curious  electric 
motor  being  composed  entirely  of  non-magnetic  materials.  The  armature  is 
mounted  upon  a vertical  spindle,  and  rotates  between  these  coils.  It  is  wound 
with  fine  wire,  which,  in  series  with  a large  non-inductive  resistance,  is  placed  as  a 
shunt  across  the  mains,  and  therefore  transmits  a voltmeter  current.  Now  it  can 
be  shown  that  the  turning  moment  acting  on  the  movable  armature  is  proportional 
to  the  product  of  the  currents  in  the  two  coils— that  is,  to  the  watts  supplied  to 
the  consumer.  If,  therefore,  we  can  make  the  opposing  moment  proportional  to 
the  steady  speed  of  rotation,  that  speed  will  be  proportional  to  the  watts,  which  is 
just  what  is  required.  The  result  is  achieved  by  means  of  the  magnetic  brake 


Fig.  663. — Professor  Elihu  Thomson’s  Energy  Meter; 


seen  in  the  lower  part  of  the  figure.  A horizontal  disc  of  copper  is  fixed  to  the 
spindle,  and  three  strong  horseshoe  magnets,  with  their  poles  close  to  one  another 
but  on  opposite  sides  of  the  disc,  are  fixed  so  that  the  latter  rotates  freely  between 
them.  The  copper  disc,  as  we  have  already  seen  (page  189),  rotating  in  these 
strong  magnetic  fields,  has  currents  set  up  in  it,  which  by  their  reaction  on  the 
fields  retard  its  motion,  and  the  retarding  couple  is  proportional  to  the  speed. 
By  adjusting  the  position  of  the  magnets  the  counting  dials  which  record  the 
revolutions  of  the  armature  can  be  caused  to  indicate  Board  of  Trade  units. 

All  the  meters  we  have  described  work  well  with  continuous  currents.  All 
but  the  Edison  meter  can  be  placed  on  alternate  current  circuits,  though  the 
selHuduction  of  their  fine-wire  circuits  leads  to  difficulties  in  interpreting  their 
readings.  These  difficulties  are  not  serious  in  the  case  of  the  Thomson  meter, 
because  of  the  large  non-inductive  resistance  in  series  with  its  armature. 
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ELECTRICITY  AS  A MOTJVE-FOWER. 

Definitions.  By  electric  transmission  of  power  is  meant  the  utilisation 
of  electricity  for  the  purpose  of  conveying  power  or  energy  to  a distance. 
Mechanical  work  is  converted  into  electric  energy,  which  is  conveyed  to  some 
distance,  and  then  again,  by  means  of  a machine,  re-converted  into  mechanical 
work.  Ihe  great  object  of  all  inventors  in  this  department  is  to  cause  as  much 
as  possible  of  the  energy  produced  to  be  utilised  for  work.  The  electric  trans- 
mission of  power  differs  from  telegraphy  ; in  the  latter  the  electric  current  is 
conveyed  considerable  distances,  and  does  mechanical  work  at  the  distant 
stations,  but  the  quantity  of  energy  transmitted  is  insignificant. 

The  theory  of  electric  transmission  of  power  is  at  present  attracting  a great 
deal  of  attention,  and  the  deductions  of  theory  are  being  brought  to  the  test  of 
practice  on  a large  scale,  not  only  for  moderate  distances,  but  also  for  distances 

of  over  a hundred  miles.  The 
results,  from  a practical  point  of 
view,  are  very  encouraging,  and 
such  as  to  ensure  a rapid  develop- 
ment in  the  near  future.  Before, 
however,  proceeding  to  refer  to 
some  of  the  most  important  of 
these  results  in  detail,  we  shall 
briefly  sketch  the  history  of  the 
machines  known  as  '■^Electric 
Motors"  by  which  electric  energy 
is  converted  into  mechanical 
energy. 

HISTORY  OF  ELECTRIC 
MOTORS. 

Older  Electric  Motors. 
— It  would  seem  that  the  first 
motor  (shown  in  Figs.  664  and 
665)  was  constructed  by  Salva- 
tore dal  Negro,  Professor  at  the 
University  of  Padua,  in  1830. 
The  steel  magnet  a is  mounted 
to  oscillate  about  an  axis,  in 
such  a way  that  its  upper  end 
moves  between  the  poles  of 
the  electro -magnet  e (drawn 
separately).  ^Vhen  a current  flows 
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through  the  coils  of  the  electro-magnet,  the  upper  end  of  the  permanent  magnet  a 
will  move  so  that  it  approaches  the  dissimilar,  and  moves  away  from  the  similar 
poles  of  the  electro-magnet.  If  the  poles  of  the  electro-magnet  are  made  to 
change  constantly,  the  magnet  a will  be  made  to  oscillate.  The  change  of  direc- 
tion of  the  current  is  brought  about  by  the  commutator  c,  which  is  set  in 
motion  by  the  m.agnet  a,  by  means  of  the  rod  t and  forked  piece  f.  The 
commutator  is  inserted  in  the  same  circuit  as  the  electro  magnet,  and  reverses 


Fig.  665. — Dal  Negro’s  Second  Electro-Motor. 

the  direction  of  current  exactly  at  the  moment  when  the  permanent  magnet  has 
approached  the  one  or  the  other  pole  of  the  electro-magnet. 

By  means  of  the  second  apparatus  (shown  in  Fig.  593)  a continued  rotation 
IS  produced.  Here  the  electro-magnet  e influences  an  armature  fastened  to 
the  horizontal  lever  l,  by  means  of  which  the  motion  of  a commutator  c 
IS  also  brought  about.  From  the  projection  m of  the  lever  a rod  catches  in 
the  teeth  of  a wheel,  keeping  it  in  motion.  To  make  this  motion  more 
uniform,  pieces  of  wood  or  spokes  which  have  balls  at  their  ends  are  fastened 
radially  upon  the  axis  of  the  toothed  wheel.  Jacobi,  the  inventor  of  electro- 
deposition,  published  in  1834  the  construction  of  an  electro-motor  (Fig.  666), 
which,  after  undergoing  several  alterations,  was  employed  for  propelling  a 
vessel  on  the  Neva.  The  apparatus  consists  of  two  series  of  horse-shoe 
electro-magnets  fastened  upon  two  supports  ; between  these  supports,  upon  a 
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horizontal  axis,  is  a six-armed  wheel,  each  of  whose  arms  carries  a couple  of 
magnets  parallel  to  the  axis.  Upon  the  same  axis  is  fastened  a commutator  of 
four  discs,  which  changes  the  direction  of  the  current  in  the  coils  of  the  electro- 
magnets at  that  moment  when  the  straight  electro-magnets  are  opposite  the 
poles  of  the  horse-shoe  magnets.  If  the  straight  magnets  are  between  two 
succeeding  horse-shoe  magnets,  one  of  the  latter  influences  the  intermediate 
straight  magnet  with  a repelling,  the  other  with  an  attracting,  force.  When> 
therefore,  the  terminals  of  the  motor  are  connected  with  a battery,  continued 
rotation  is  obtained  by  means  of  the  moving  magnets  and  the  spur  wheel.  Du 
Moncel  and  Geraldy  (in  E Electricit'e  comme  Force  Motrice)  describe  the  following 


Fig.  666. — Jacobi’s  Electro-Motor. 


experiments  made  with  this  motor  for  propelling  a vessel  on  the  Neva.  For 
the  first  experiment  a battery  of  320  Daniell  elements  was  used,  in  which  each 
of  the  copper  and  zinc  plates  possessed  a surface  of  thirty-five  square  inches. 
With  this  battery  the  vessel  moved  with  a velocity  of  1-4  miles  per  hour.  For 
the  experiments  in  1S39,  Jacobi  used  a battery  consisting  of  128  Grove  elements 
of  the  same  surface  area  of  plates.  With  this  he  obtained  a velocity  of  2 6 
miles  per  hour.  The  vessel  itself  measured  27-5  feet  by  7 ‘5  feet,  and  carried 
twelve  persons.  These  experiments  are  said  to  have  cost  about  ;^2,4oo,  and 
were  paid  for  by  the  Emperor  Nicholas. 

The  motor  constructed  by  Elias  in  1842  resembles  Pacinotti’s  ring  in  appear- 
ance, and  consists  (Eig.  667)  of  two  concentrically  arranged  iron  rings,  f and  T, 
each  having  six  groups  of  coils.  The  outer  ring  is  fixed,  and  is  carried  by  the 
supports  c c'.  By  means  of  the  six  layers  of  wire,  which  are  wound  alternately 
in  opposite  directions,  the  whole  ring  is  divided  into  six  electro-magnets,  the 
poles  of  which  a a'  acquire  alternately  north  and  south  magnetism  when  a current 
passes  through  the  coils.  The  inner  ring  T is  constructed  in  a similar  manner. 


Electricity  a Motive-Poiver. 


665 


and  has  also  six  poles  a a.  The  inner  ring,  however,  can  rotate  round  a 
horizontal  axis  supported  by  p p . The  commutator  c is  fastened  upon  the  same 
axis,  and  consists  of  six  metal  strips  at  equal  distances  from  each  other.  Strips 
I,  3,  and  5 are  connected  with  the  wire  f ; strips  2,  4,  and  6 are  connected  with 
the  wire,/.  Over  this  commutator  slide  the  springs  r r',  which  are  connected 
with  the  clamps  b b . 1 he  current  for  the  outer  ring  is  conveyed  by  means  of  the 

wires  gg  . The  motor  can  be  used  with  one  battery  for  each,  or  the  same  batrery 
for  both  rings.  In  the  first  case  the  wires  of  the  one  battery  are  connected 


Fig.  667.— Elias’s  Electro-Motor. 


g g\  those  of  the  second  with  the  screws  b b'.  The  current  of  the  first 
attery  enters  at  g,  and  divides  at  c'  into  two  branches,  one  of  which  flows 

hn'in  through  the  lower 

half;  both  branches  unite  and  flow  through  back  to  the  battery.  The  current 

and  the  screw  b,  spring  r,  and  the  commutator, 

and  turns  off  to  either  group  i,  3,  5 ; or  2,  4,  6,  according  as  a metal  strip  with 

shdelTlter  °f  the  springs 

s Ides  a ternately  over  the  metal  strips  of  the  one  or  the  other  group,  the  direc- 

.on  of  the  current  m the  spirals  of  the  inner  ring  has  cons, anti,  to  change  and 

h s causes  a continued  change  of  the  poles  u a',  and  rotation  of  the  ring  t If 

A'and  rendied  h “ Pole,  and  is  then  attrlcted  by 

south  nnf  T *!’'  "O"  arrived  at  the  north  pole  a',  the 

pole  u IS  immediately  converted  into  a north  pole  because  the  springs  e r' 
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have  also  arrived  at  the  next  metal  strips,  causing  a reversal  of  the  current  in  the 
coil  of  the  movable  ring.  The  north  pole  a is  now  repelled  by  the  unchanged 
north  pole  a',  and  attracted  by  the  south  pole  c',  hence  the  inner  ring  continues  its 
rotation  in  the  same  direction.  When  used  with  one  battery  the  current  sepa- 
rates into  two  branches,  one  branch  flowing  through  the  coils  of  the  inner,  the 
other  branch  through  the  coils  of  the  outer  ring. 

Froment  constructed  several  motors  during  the  years  1844  to  1862,  to  which 
he  gave  different  shapes.  We  shall  describe  only  one  of  these  ; and  for  further 
information  refer  to  Th.  du  Moncel  and  Geraldy’s  work,  V ^lecti-icite  comme 


Fig.  668. — Froment’s  Electro-Motor. 

Force  Motrice.  The  motor  constructed  in  1845  is  shown  in  Fig.  668.  Four 
double  electro-magnets  are  fastened  upon  a frame,  as  shown.  A wheel  rotates 
between  the  poles  of  these  electro-magnets,  and  carries  soft  iron  bars  fastened 
upon  its  circumference,  which  serve  as  armatures  for  the  magnets.  The  attraction 
which  these  magnets  exert  upon  the  armatures  brings  about  a continued  rotation. 
The  current  from  a battery  is  first  conveyed  to  a commutator,  which  supplies 
the  several  electro-magnets  with  continuous  currents  periodically  interrupted.  The 
commutator  consists  of  a series  of  contacts  fastened  to  the  shaft  of  the  wheel, 
over  which  slide  contact  wheels  or  buttons  pressed  by  springs.  Thus  it  happens 
that  those  two  electro-magnets  are  supplied  with  currents  which  are  being 
approached  by  the  iron  armatures  of  the  wheel.  This  motor  is  still  used  for 
toys  or  demonstrations  in  physical  laboratories.  ^ . 

Various  motors  were  constructed  from  time  to  time  in  which  the  reciprocating 
motion  of  an  iron  plunger  inside  a solenoid  was  made  to  transmit  motion  to 
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machines  in  much  the  same  way  that  the  motion  of  a piston  in  a cylinder  is 
utilised  in  steam-engines.  Of  these,  Hjorth’s  and  Page’s  were  described  in  the 
previous  edition  of  this  book.  But  the  ring  machine  invented  by  Pacinotti,  and 
fully  described  at  page  248,  was  a great  advance  upon  all  these.  The  chief 
defects  of  the  older  machines,  considered  as  motors,  were  due  to  intermittent 
impulses,  generation  of  heat  by  means  of  eddy  currents,  and  bad  mechanical 
arrangements.  In  modern  machines  the  impulses  follow  one  another  so  rapidly 
as  to  be  practically  continuous,  whilst  all  parts  subjected  to  reversals  of  magneti- 
sation are  carefully  laminated,  and  thus  heating  by  eddy  currents  is  reduced  to  a 
minimum.  The  parts  that  are  to  influence  each  other  are  also  better  arranged. 

Reversibility  of  Dynamo  Machines. — If  the  armature  of  a dynamo- 
electric  machine  is  made  to  rotate,  as  does  the  ring  of  a Gramme  machine, 
currents  are  produced  in  the  coils  of  the  ring  which  may  be  utilised  for  the 
excitation  of  the  electro-magnets,  and  for  other  purposes  in  the  external  circuit 
The  machine,  therefore,  converts  mechanical  work  into  electric  energy.  If  the 
reverse  process  be  now  adopted,  t.e.  if  the  poles  of  such  a machine  are  connected 
with  conductors  from  a source  of  electricity,  the  current  of  the  latter  will  have 
to  pass  through  the  coils  of  the  machine,  the  electro-magnets  of  it  will  be 
excited,  and  will  influence  the  coils  of  the  armature.  The  armature  will  then 
begin  to  rotate,  and  will  continue  to  do  so  as  long  as  the  current  from  the 
source  of  electricity  flows  through  the  coils  of  the  machine.  This  motion  of 
the  armature  can  be  transmitted  by  belting,  etc.,  to  any  machine  which  is  re- 
quired to  do  mechanical  work.  In  this  case  the  electric  energy  is  converted 
into  mechanical  work,  or  the  exact  reverse  of  the  first  case.  This  property  of 
dynamo-electric  machines  to  convert  mechanical  work  into  electric  energy  and 
electric  energy  into  mechanical  work,  is  expressed  by  saying  that  “ the  dynamo 
is  a reversible  machine.” 


It  is  the  principle  of  reversibility  which  makes  the  electric  transmission  of 
power  possible.  It  is  one  of  the  earliest  known  of  scientific  principles  that 
if  we  apply  heat  we  obtain  motion  (as  in  the  steam-engine),  and  that,  inversely, 
motion  produces  heat  (as  by  friction).  Chemical  compounds  are  decomposed  by 
heat ; and  inversely,  chemical  combination  is  accompanied  by  a rise  of  tempera- 
ture. Each  effect  has  a counter- effect.  The  application  of  this  law  to  magneto- 
electric  machines  also  was  first  recognised  by  Pacinotti  {see  p.  248),  and  was  con- 
sidered by  the  late  James  Clerk-Maxwell  the  most  important  discovery  of  the  age. 
Siemens  observed  the  reversibility  of  the  dynamo  in  1867.  The  first  public  ex- 
periment showing  the  electric  transmission  of  power  was  made  during  the  Exhibi- 
tion at  Vienna  (1873).  A Gramme  machine,  with  permanent  horse-shoe  magnets 
driven  by  a steam-engine,  was  used  for  the  purpose,  and  the  current  obtained  wa.s 
conveyed  to  a second  similar  machine  about  550  yards’  distance  from  the  first, 
he  second  machine  rotated,  and  was  made  to  work  a numn.  Th^ 


uu  viu  uusne,  maae  use  ot  it  in  1878. 
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ELECTRIC  TRANSMISSION  OF  POWER. 

We  shall  now  consider  the  electric  transmission  of  mechanical  power  more 
closely.  When  a dynamo-electric  machine  is  set  in  motion  by  a motor,  and  the 
currents  produced  are  conveyed  to  a second  machine,  the  latter  may  be  used  for 
doing  mechanical  work.  The 
first  machine,  i.e.  the  one  that 
furnishes  the  current,  is  called 
the  generator  (French  g'enera- 
trice)\  the  second  machine,  i.e. 
the  one  that  actually  does  the 
work,  the  motor  (inotrice  or 
p-eceptrice).  When  the  gene- 
rator I,  Fig.  669,  rotates  in 
the  direction  of  the  arrow, 
currents  will  be  generated 
in  the  ring,  the  direction  of 
which  will  be  such  that  posi- 
tive electricity  will  leave  at 
a^,  and  flow  into  the  coils 
of  the  electro-magnets,  and 
then  to  the  motor  ii,  return- 
ing to  machine  i at  which 
represents  the  negative  pole. 

The  current  entering  the 
second  machine  at  a,  flows 
through  the  first  magnet-arm 
in  the  same  direction  as  the 
hands  of  a watch  move,  causing 
south  magnetism  in  that  por- 
tion of  the  arm  nearest  A.  The 
upper  pole-piece  will,  there- 
fore, receive  north,  the  lower 
one  south  magnetism.  At 
the  current  divides — one  portion  flows  into  the  upper,  the  other  portion  into 
the  lower  half  of  the  armature  coils.  The  two  branches  again  unite  and  leave 
the  machine  at  b,^.  We  have  now  in  the  ring  armature  a spiral  through  which 
a current  flows,  that  is  to  say,  a ring-shaped  electro-magnet,  which  is  in  the 
immediate  neighbourhood  of  the  powerful  magnetic  poles  n,  and  Sj.  Let  us 
consider  in  what  manner  the  ring  is  magnetised  by  the  currents  that  flow  round 
it.  If  we  go  back  again  to  where  the  current  enters  the  ring,  we  find  that 
the  current  flows  clockwise  in  the  upper  half,  and  counter-clockwise  in  the 
lower  half  of  the  ring.  We  shall,  therefore,  have  south  magnetism  at  and 


Fig.  669. — The  Connection  of  a Dynamo  and  Motor. 
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north  magnetism  at  and  it  follows  that  according  to  this  magnetic  distribution 
the  armature  will  have  to  rotate  in  the  direction  indicated  by  the  arrow.  The 
north  pole  Ng  ‘attracts  the  south  pole  at  and  repels  the  north  pole'  at  ^ 
south  pole  Sg  repels  the  south  pole  at  «g,  and  attracts  the  north  pole  at  b^. 
The  resultant  of  these  forces  is  a couple  producing  a revolution  of  the  armature. 
The  rotation  of  the  ring  will  continue  as  long  as  machine  11  is  supplied  with 
current. 

From  Fig.  699  w*e  also  see  that  when  the  generator  rotates  in  one  direction, 
the  second  machine  rotates  in  the  other  j and  further  currents  are  induced  in 
the  armature  of  the  second  machine.  What  will  be  the  direction  of  these 
currents  produced  by  the  motion  of  the  motor  ? The  answer  may  be  obtained 
by  reasoning  as  follows : The  electro-magnets  of  the  generator  possess  a south 

pole  at  and  a north  pole  at  As  the  armature  rotates  in  a counterclock- 
wise direction,  it  follows  therefore  that  the  positive  current  will  leave  at  If 
now  the  poles  of  the  second  machine  had  the  same  position,  that  is,  if  the 
south  were  above,  and  north  below,  the  rotation  being  from  left  to  right,  the 
positive  current  would  leave  the  machine  at  b^.  The  position  of  the  poles  being 
reversed,  it  follows  that  the  current  induced  in  the  armature  tends  to  leave  the 
second  machine  also  at  ag,  hence  the  primary  current  entering  at  «g  is  met  by 
an  induced  e.  m.  f.  which  has  the  opposite  direction.  We  see  then  that  an 
opposition  E.  m.  f.  is  generated  in  the  motor.  We  know  that  if  two  equally 
strong  E.  M.  Fs.  are  set  up  in  a conductor,  their  total  effect  is  equal  to  zero. 
With  E.  M.  Fs.  of  unequal  strength,  the  difference  of  the  two  determines  the 
final  current.  The  strength  of  a current  is  obtained  from  the  e.  m.  f.,  and 
resistance  in  the  circuit.  The  e.  m.  f.  of  a dynamo-electric  machine  depends 
upon  the  resistance  of  the  circuit  and  the  speed  of  rotation  of  the  armature. 
Let  us  suppose  that  two  dynamo-electric  machines  are  connected  with  each 
other,  as  shown  in  Fig.  669.  Let  us  assume  that  the  generator  makes  1,000 
revolutions  per  minute,  and  that  the  speed  of  the  motor  is  allowed  to 
increase  gradually.  If  a galvonometer  be  included  in  the  circuit  of  the  two 
machines,  the  needle  will  show  the  rapid  decrease  of  current  in  the  machine 
as  soon  as  the  motor  begins  to  rotate.  The  counter  e.  m.  f.  produced  will 
increase  with  the  speed  of  the  motor.  The  needle  of  the  galvanometer  will 
indicate  a steady  diminution  of  current,  as  long  as  the  speed  of  the  second 
machine,  which  we  suppose  has  no  work  to  do  except  to  overcome  friction,  etc., 
continues  to  increase.  The  speed  of  the  latter  will  only  increase  as  long 
as  the  E.  M.  F.  of  the  generator  is  stronger  than  the  opposing  e.  m.  f.  of  the 
motor.  The  machines  being  similar  in  construction  and  equal  in  size,  it 
follows  that  when  the  speed  of  the  second  machine  has  increased  until  it 
IS  the  same  as  that  of  the  generator,  the  E.  m.  fs.  will  be  also  equal,  the 
current  will  become  zero,  and  the  needle  will  not  be  deflected.  Let  us  now 
consider  the  case  in  which  the  motor  has  to  do  work.  The  extreme  case 
IS  that  in  which  the  ring  of  the  second  machine  is  held  fast,  i.e.  forcibly 
prevented  from  rotating.  In  this  case  the  second  machine  cannot  produce  an 


670  Electricity  in  the  Service  of  Man. 

opposing  E.  M.  F.,  but  acts  as  a simple  circuit  of  small  resistance  for  the 
generator,  the  current  of  which  will  increase  rapidly  to  its  maximum  value. 
What  then  becomes  of  the  expended  energy  ? It  is  converted  into  heat,  and 
the  experiment  can  only  last  for  a very  short  time  without  damaging  the 
machines.  Suppose  now  the  motor  is  allowed  to  do  work,  say  to  lift  a load. 
The  generator  receives  energy  from  the  steam-engine,  and  furnishes  electric 
currents ; the  motor  receives  electric  currents,  and  does  work.  If  the  work 
the  motor  has  to  do  is  only  very  slight,  its  speed  will  not  be  very  much  less 
than  that  of  the  generator,  and  the  total  current  in  the  circuit  will  be  but 
small.  If  the  work  to  be  done  by  the  machine  is  considerable,  it  will  slacken 
its  speed,  and  also  diminish  its  opposing  or  counter  e.  m.  f.,  causing  increase  of 
current  in  the  circuit.  If  the  work  to  be  done  is  greater  than  the  efficiency  of 
the  motor  will  allow  it  to  do,  the  rotation  will  cease  altogether,  and  we  have  a 
repetition  of  the  case  considered  above. 

In  the  sections  on  “ Public  Supply  Central  Stations  ” (page  609),  and  those 
which  follow,  we  have  already  dwelt  in  detail  upon  some  of  the  factors  in  the 
problem  of  the  “Electric  Transmission  of  Power.”  Thus  we  have  pointed  out 
the  influence  on  the  economy  of  the  transmission  of  the  electric  pressure  or 
voltage  employed,  and  also  of  the  resistance  of  the  conducting  mains.  The 
function  of  transformers  and  their  effect  upon  the  successful  and  economical 
solution  of  the  problem  has  been  explained,  and  various  systems  of  distributing 
the  electric  power  have  been  briefly  described.  The  same  general  principles 
that  have  guided  scientists  and  inventors  in  these  developments  apply  also  when 
the  ultimate  object  is  to  utilise  the  electric  power  as  mechanical  power  instead 
of  for  illuminating  or  electro-chemical  purposes.  The  application  is  only 
modified  to  meet  the  new  conditions,  and  in  addition  a new  piece  of  apparatus, 
the  “ Electric  Motor,”  is  introduced.  The  next  few  pages  will  therefore  be 
devoted  to  the  consideration  of  a few  elementary  points  in  connection  with  the 
theory  of  this  additional  electric  machine. 


THEORY  OF  THE  ELECTRIC  MOTOR. 

Upon  the  existence  and  magnitude  of  the  counter-electromotive  force  above 
referred  to  depends  the  capacity  of  any  given  motor  to  enable  us  to  utilise 
electric  energy  that  is  supplied  to  it  in  the  form  of  an  electric  current.  In 
discussing  the  dynamo  as  a generator,  we  have  pointed  out  many  considerations, 
the  observance  of  which  would  tend  to  improve  the  efficiency  of  such  gene- 
rators. It  is  needless  to  say  that  many  of  these  considerations  will  also 
apply  to  motors.  The  efficiency  of  a motor  in  utilising  the  energy  of  a 
current  depends  not  only  on  its  efficiency  in  itself,  but  on  another  factor, 
namely,  the  relation  between  the  electromotive  force  which  it  generates  when 
rotating,  and  the  potential-difference  at  which  the  current  is  supplied  to  it  A 
motor  which  itself  in  running  generates  only  a loiv  electromotive  force  cannot, 
however  well  designed,  be  an  efficient  or  economical  motor  when  supplied  with 
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currents  at  a high  potential-difference.  A good  low-pressure  steam-engine  does 
not  become  more  “ efficient  ” by  being  supplied  with  high-pressure  steam.  Nor 
can  a high-pressure  steam-engine,  however  well  constructed,  attain  a high 
efficiency  when  worked  with  steam  at  low  pressure.  Analogous  considerations 
apply  to  dynamos  used  as  motors.  They  must  be  supplied  with  currents  of 
pressures  adapted  to  them. 

The  Efficiency  of  Electric  Motors. — The  efficiency  with  which  a 
perfect  motor  utilises  the  electric  energy  of  the  current,  depends  on  the  ratio 
between  its  counter-electromotive  force  and  the  electromotive  force  of  the 
current  that  is  supplied  by  the  battery.  No  motor  ever  succeeds  in  turning  into 
useful  work  the  whole  of  the  currents  that  feed  it,  for  it  is  impossible  to  construct 
machines  without  resistance,  and  whenever  resistance  is  offered  to  a current,  part 
of  the  energy  of  the  current  is  wasted  in  heating  the  resisting  wire. 

Let  us  consider  the  efficiency  of  a series-wound  motor  worked  by  a 
current  from  a battery  or  other  generator.  Let  w stand  for  the  whole  electric 
energy  developed  per  second  by  the  current,  and  let  w be  that  part  of 
the  power  which  the  motor  pays  out  as  useful  work.  The  difference  between 
these  quantities  is  the  equivalent  of  r,  or  that  part  of  the  power  of  the 
current  c that  is  wasted  in  useless  heating  of  the  parts  of  the  circuit  where 
there  is  resistance.  If  h be  the  measure  of  this  heat,  and  j Joule’s  mechanical 
equivalent  of  a unit  of  heat,  then 

w-z£/  = hj  = c2r 

.•.  = w - R. 

But  if  E be  the  p.  d.  of  the  terminals  of  the  motor,  w = e r 


EC, 


and  c = ? f w — E 's.-e 

R R 

= E izf  _ 

R R 

E (?-e2 


R 


Hence  the  efficiency  - = ^ E (e - g) 

w ‘ 


R 


R 


back  E.  M.  F. 


E p.  D.  at  terminals  of  motor. 

fl.  = 'f  s be  the  current  that  would 

flow  tf  the  motor  were  st.ll,  c being  the  current  when  the  motor  works  « ha“ 

T? 


s = - or  E = s R, 

R ’ 

E — ^ 

C = Ore  = E-  CR  = SR-CR. 


R 

Hence  the  efficiency  or  - = ^ ^ ~ c R _ s - c 
or  the  fall  of  strength  of  the  current  divided  by  the  original  current. 
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From  which  it  appears  that  we  can  calculate  the  efficiency  at  which  the 
motor  is  working  by  observing  the  ratio  between  the  fall  in  the  strength  of  the 
current  and  the  original  strength,  a law  of  efficiency  which  has  been  known 
lor  many  years,  but  has  often  been  strangely  misapprehended. 

The  Maximum  Activity  of  a Motor. — Let  us  now  go  back  to  the 
equation 

w = E c - c2  R, 

and  ask  for  what  value  of  c this  w will  be  a maximum. 


By  adding  and  subtracting  — , we  may  write  the  equation  thus, 

4R 


w 


= ^ - R 

4R  \2R  / • 


The  last  term,  being  a square,  is  always  positive,  whatever  c may  be  j hence,  w 
will  be  greatest  when  the  term  to  be  subtracted  is  nought,  that  is  when 


E 

2R 


That  is  to  say,  the  mechanical  work  given  out  by  the  motor  is  a maximum  when 
the  motor  is  geared  to  run  at  such  a speed  that  the  strength  of  cun-ait  is  half  that 
of  the  current  that  would  flow  if  the  motor  were  still.  This  law  is  called  Jacobi’s 
law  of  maximum  activity.  When  the  motor  -works  so  as  to  reduce  the  current 
to  half,  _ E-(? 


since  c = 


R 


E 

and  also  c = — 

2R 

.•.  E— e = E 

and  — = ^. 

E 

But  we  have  proved  that  this  is  equal  to  the  efficiency ; hence,  when  the  motor 
does  its  maximum  of  work  per  second  the  efficiency  is  50  per  cent. 

Distinction  between  the  most  Economical  and  the  most 
Efficient  Rate. — If  the  e.  m.  f.  of  a battery  be  e volts,  and  the  counter 
E.  M.  F.  of  the  electric  motor  be  e volts,  c being  the  current,  then,  as  we  have 
seen,  we  have  the  following  simple  relations  : 


(1)  The  energy  given  out  by  the  battery  = c e. 

(2)  The  energy  absorbed  by  the  motor  = c f. 

(3)  The  efficiency  of  the  motor  = — 

E 


(4)  The  current  c = . 

(5)  The  work  per  sec.  w = y.  c— c-  r. 
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The  second  of  these  equations  shows  that  the  maximum  work  that  can  be 
given  out  by  this  electric  motor  per  second  is  equal  to  the  product  of  the  current 
into  the  back  electromotive  force.  There  are  two  ways,  therefore,  of  altering 
the  work  given  out  by  the  electric  motor  per  second.  We  may  either  increase 
the  current,  or  increase  this  back  electromotive  force.  Let  us  consider  the  first 
case  : We  will  double  the  current,  and  at  the  same  time  keep  the  electroiuotive 
force  of  the  battery  the  same.  To  do  this  we  shall  have  to  let  the  electric 
motor  run  at  such  a diminished  speed  that  the  difference  between  the  electro- 
motive force  of  the  battery  and  the  back  electromotive  force  of  the  electric 
motor  is  double  what  it  was  before.  Although,  therefore,  we  have  doubled  the 
current  and  the  energy  furnished  by  the  battery,  we  have  not  doubled  the  energy 
given  out  by  the  motor.  Where  is  the  additional  energy  lost  ? The  answer  is 
obvious,  since  as  the  waste  of  power  in  the  production  of  heat  in  the  wires  is 
proportional  to  the  square  of  the  current,  four  times  as  much  power  will  be 
wasted  as  in  the  previous  case.  Consequently,  increasing  the  current  is  a ruinous 
way  of  increasing  the  useful  energy  transmitted. 

Now  take  the  other  case  : Let  us  double  the  electromotive  force  of  the 
battery,  and  run  the  motor  at  such  an  increased  speed  that  the  current  remains 
constant : to  do  this  we  must  more  than  double  the  back  electromotive  force  of 
the  motor.  For  as  E becomes  2 ~e,  e must  become  (e  + e),  that  the  difference 
may  be  unaltered.  The  energy  now  furnished  by  the  battery  will  be  double 
what  it  was  before,  the  energy  given  out  by  the  motor  more  than  double  what  it 
was  before,  and  the  energy  wasted  in  heat  will  be  the  same  as  before. 

Consequently  we  conclude  that  the  most  efficient  way  to  transmit  energy 
electrically  is  to  use  a generator  producing  a high  electromotive  force,  and  a 
motor  producing  a higher  counter-electromotive  force. 

When  an  electromotor  is  worked  by  a given  galvanic  battery,  the  above 
equations  lead  us  to  the  result  that  if  we  wish  to  produce  the  w'ork  ?nost 
economtcally  we  must,  by.  diminishing  the  load  on  the  motor,  allow  its  speed  to 
increase  until  the  reverse  e.  m.  f.  it  produces  is  only  a little  smaller  than  that  of 
the  battery.  When  this  is  the  case,  the  current  circulating  through  the  arrange- 
ment is  very  small,  and  the  activity  of  the  engine,  or  the  work  it  produces  ii*  a 
given  time,  is  comparatively  small.  If,  on  the  other  hand,  we  desire  a given 
battery  to  cause  the  motor  to  do  work  most  quickly,  independently  of  the 
consumption  of  material,  then  we  see  that  we  ought  to  put  such  a load  on  the 
motor  that  its  speed  will  set  up  a back  e.  m.  f.  equal  to  half  the  e.  m.  f.  of  the 
heaf^^'  efficiency  is  then  about  half ; that  is,  half  the  energy  is  wasted  in' 

The  difference  between  these  two  considerations  of  maximum  values,  namely 
ow  to  obtain  work  most  quickly,  or  how  to  transmit  work  viost  eco7io7nically,  must 
carefully  be  borne  in  mind  in  deciding  what  speed  should  be  given  to  a motor  in 
any  given  case.  Jacobi’s  law  concerning  the  maximum  work  of  an  electric  motor 
supplied  with  currents  from  a source  of  given  electromotive  force,  refers  to  the 

rmer.  The  mechanical  work  given  out  by  a motor  is  a maximum  when  the  motor 
w 
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is  geared  to  run  at  such  a speed  that  the  current  is  reduced  to  half  the  strength 
that  it  would  have  if  the  motor  were  stopped.  This,  of  course,  implies  that  the 
counter-electromotive  force  of  the  motor  is  equal  to  half  the  electromotive  force 
given  out  by  the  battery  or  generator.*  Under  these  circumstances  only  half 
the  energy  furnished  by  the  external  source  is  utilised,  the  other  half  being  wasted 
in  heating  the  circuit.  Jacobi’s  law  does  not,  however,  state  that  no  motor,  how- 
ever perfect  in  itself,  can  convert  more  than  50  per  cent,  of  the  electric  energy 
supplied  to  it  into  actual  work.  Dr.  Siemens  showed,  some  years  ago,  that  a 
dynamo  can  be  in  practice  so  used  as  to  give  out  more  than  50  per  cent,  of  the 
energy  of  the  current.  It  can  work  more  efficiently  if  it  be  not  expected  to  do 
its  work  so  quickly.  Dr.  Siemens  has,  in  fact,  proved  that  if  the  motor  be 
arranged  so  as  to  do  its  work  at  less  than  the  maximum  rate,  by  being  geared 
so  as  to  do  much  less  work  per  revolution,  but  yet  so  as  to  run  at  a higher 
speed,  it  will  be  more  efficient;  that  is  to  say,  though  it  does  less  work,  there 
will  also  be  still  less  electric  energy  expended,  and  the  ratio  of  the  useful  work 
done  to  the  energy  expended  will  be  nearer  unity  than  before.  Hence,  when 
activity  without  regard  to  economy  is  the  main  consideration,  Jacobi’s  law  must 
be  applied ; but  when  economy  has  also  to  be  considered,  this  law  does  not 


apply.  In  this  case  - must  be  as  large  as  possible. 

K 


If,  therefore,  much  power 


is  to  be  transmitted,  E and  e must  both  be  large.  In  other  words,  it  is  an 
economy  to  work  at  high  electromotive  force.  The  importance  of  this  matter 
cannot  be  overrated. 

But  how  shall  we  obtain  this  high  electromotive  force  ? One  very  simple 
expedient  is  that  of  driving  both  generator  and  motor  at  higher  speeds.  Another 
way  is  to  wind  the  armatures  of  both  machines  with  many  coils  of  wire,  having 
many  turns.  This  expedient  has,  however,  the  effect  of  putting  great  resistance 
into  the  circuit.  This  circumstance  may,  nevertheless,  be  no  great  drawback  if 
there  is  already  a great  resistance  in  the  circuit ; as,  for  example,  the  resistance 
of  many  miles  of  wire  through  which  the  power  is  to  be  transmitted.  In  this 
case  doubling  the  electromotive  force  will  not  double  the  resistance.  Even  in 
the  case  where  the  line  resistance  is  insignificant,  an  economy  is  effected  by 
raising  the  electromotive  force.  For,  as  may  be  deduced  from  the  equations, 
when  (e  - e)  is  kept  constant,  the  effect  of  doubling  the  electromotive  force  is  to 
double  the  efficiency  when  the  resistance  of  the  line  is  very  small  as  compared 
with  that  of  the  machines,  and  to  quadruple  it  when  the  resistance  of  the  line  is 
very  great  as  compared  with  that  of  the  machines.  It  is,  in  fact,  worth  while  to 
put  up  with  the  extra  resistance,  which  we  cannot  avoid,  if  we  try  to  secure  high 
electromotive  force  by  the  use  of  coils  of  fine  wire  of  many  turns.  It  is  true  that 
the  useful  effect  falls  off,  cceteris  paribus,  as  the  resistance  increases ; but  this  is 
much  more  than  counterbalanced  by  the  fact  that  the  useful  effect  increases  in 
proportion  to  the  square  of  the  electromotive  force. 

In  the  attempt  in  1882  of  M.  Marcel  Deprez  to  realise  these  conditions  in 


* It  al.'O  supposes  the  E.  M.  F.  of  the  generator  to  be  independent  of  the  current 
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the  transmission  of  power  from  Miesbach  to  Munich,  through  a double  line  of 
telegraph  wire,  over  a distance  of  thirty-four  miles,  very  high  electromotive  forces 
were  actually  employed.  The  machines  were  tv/o  ordinary  Gramme  dynamos, 
the  magnets  being  series-wound  similar  to  one  another;  but  their  usual  low 
resistance  coils  had  been  replaced  by  coils  of  very  many  turns  of  fine  wire.  The 
resistance  of  each  machine  was  consequently  470  ohms,  whilst  that  of  the  line 
was  950  ohms.  The  velocity  of  the  generator  was  2,100  revolutions  per  minute; 
that  of  the  motor,  1,400.  The  difference  of  potential  at  the  terminals  of  the 
generator  was  2,400  volts;  at  that  of  the  motor,  1,600  volts.  According  to 
Professor  von  Beltz,  the  President  of  the  Munich  Exhibition,  where  the  trial  was 
made,  the  mechanical  efficiency  was  found  to  be  32  per  cent.  M.  Deprez  has 

w 

given  the  rule  that  the  efficiency  — is  obtained  in  the  case  -svhere  two  identical 

machines  are  employed,  by  comparing  the  two  velocities  at  the  two  stations.  Or 

w 

w N 

where  n is  the  speed  of  the  generator,  n that  of  the  motor. 

The  more  recent  effort  of  inventors,  as  applied  to  motors,  has  been  to  secure 
uniform  speed  with  varying  demands  as  regards  work.  Dr.  Sylvanus  Thompson, 
in  his  now  famous  Cantor  Lectures  on  this  subject,  dwelt  on  the  importance  of 
designing  motors,  not  simply  to  work  with  the  constant  electromotive  force 
supplied  at  the  electric  mains,  but  also  to  work  at  uniform  speeds.  It  is  highly 
important,  for  example,  in  driving  a lathe,  and  indeed  many  kinds  of  machinery, 
that  the  speed  should  be  regular,  and  that  the  motor  should  not  “ run  away  ” as 
soon  as  the  stress  of  the  cutting  tool  is  removed.  The  problem  is  somewhat 
analogous,  though  of  the  reverse  kind  to  that  which  occurs  in  dynamo  machines 
which  are  required  to  give  a constant  p.  u.  at  their  terminals  when  driven  at  a 
uniform  speed,  whether  the  load  be  heavy  or  light.  We  have  already  dwelt  with 
some  detail  on  the  various  methods  by  which  the  desired  result  has  been  very 
successfully  attained.  Some  of  the  solutions  may  be  applied  conversely,  and 
motors  may  be  built  with  a combination  of  arrangements  for  their  field  magnets, 
such  that,  when  supplied  with  currents  at  a certain  constant  potential-difference, 
their  speed  shall  be  constant,  whatever  the  work  they  may  be  doing.  The  one 
difficulty  in  the  problem — and  this  is  a mere  matter  for  experiment  and 
calculation — is  to  find  the  critical  number  of  volts  of  electromotive  force  at  which 
this  will  hold  good.  M.  Marcel  Deprez  has  himself  constructed  motors  that 
nm  at  a perfectly  uniform  speed,  quite  irrespective  of  the  work  which  they  may 
be  doing.  Whether  the  motor  was  lifting  a load  of  eleven  pounds  from  the 
ground,  or  was  letting  this  load  run  down  to  the  ground,  or  ran  without  any  load 
at  all,  the  speed  was  the  same.  At  the  Paris  Exposition  Slectrique  of  1881  a 
large  number  of  Deprez’s  motors  were  shown,  running  at  uniform  speed,  and 
driving  various  machines — lathes,  sewing-machines,  etc. 

Dynamometers. — To  calculate  the  efficiency  of  any  machine  we  require 
to  know  the  amount  of  work  transmitted  by  the  engine  or  motor  to  the  machine. 
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"Work  transmitted  or  given  out  is  determined  experimentally  by  a dynamometer; 
an  absorption  dynamometer  is  represented  in  Fig.  670.  Prony’s  brake  <r  is  a disc 
of  cast-iron,  held  by  two  wooden  clasps  a a.  The  lever  b is  fastened  to  the 
upper  wooden  piece,  and  supports  a scale-pan  at  p for  weights.  The  two  wooden 
pieces  a a are  screwed  together  at  s s.  In  order  to  take  measurements  with 

Prony’s  brake  the  disc  c is  fastened  to 
the  shaft,  the  work  done  by  which  is  to 
be  determined ; the  screws  are  adjusted 
so  that  the  wooden  blocks  lie  close  to 
the  disc.  The  machine  is  then  made 
to  rotate  with  a certain  velocity  by  the 
source  of  power  whose  effect  is  to  be 
determined.  If  no  weights  were  placed 
at  p,  the  brake  would  be  turned  round 
with  the  shaft ; but  weights  are  placed 
at  p so  as  to  keep  the  beam  b horizontal, 
whilst  the  shaft  makes  the  number  of 
revolutions  required.  Friction,  which 
absorbs  the  mechanical  work  transmitted  to  the  shaft,  is  measured  by  the  force 
which  tends  to  press  the  scale-pan  down  at  p.  This  force  is  in  equilibrium  at  c 
with  the  friction.  As  the  weight  p,  the  length  l of  the  lever,  the  radius  of  the 
roller  c,  and  the  revolutions  per  minute  of  the  shaft  are  known,  the  effect  in 
horse-power  can  easily  be  calculated  from  these  factors. 

An  apparatus  invented  by  Hefner  von  Alteneck  is  often  used.  It  measures 


Fig.  670. — Prony’s  Dynamometer. 


Fig.  671.— Lang’s  Speed  Counter. 


the  work  transmitted  by  means  of  a driving  belt,  from  the  difference  between  the 
tension  of  the  backward  and  forward  running  portion  of  the  belt.  The  force 
thus  obtained  is  calculated  in  lbs.,  and  has  to  be  multiplied  by  the  velocity  of 
the  belt  (given  in  feet  per  second)  to  obtain  foot-lbs.  per  second. 

To  determine  the  number  of  revolutions,  speed  counters  are  used.  Fig.  671 
represents  such  an  apparatus,  constructed  by  W.  Lang,  Brooklyn.  It  consists 
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of  the  movable  spindle  s s,  the  ends  of  which  are  edged,  as  shown  in  the 
figure.  The  spindle  has  at  the  middle  an  endless  screw  w,  which  catches  the 
teeth  of  the  disc  e;  the  disc  having  100  teeth  cut  into  it,  the  spindle  will  make 
100  revolutions  for  every  revolution  of  the  disc.  The  scale  on  the  disc  gives 
100  revolutions;  the  fixed  pointer  z points  out  the  number.  The  disc  E is 
furnished  at  a with  a projecting  piece  of  metal,  which  strikes  the  disc  h once  for 
every  complete  revolution  of  e,  and  moves  the  disc  h one  tooth  farther  on. 
The  wheel  h will  therefore  make  one  revolution  when  the  disc  e has  made  10 
and  the  spindle  1,000  revolutions.  By  means  of  the  handle  G the  spindle  is 
held  against  the  centre  of  the  shaft  (which  end  depends  on  whether  the  shaft 
turns  to  the  right  or  to  the  left)  in  such  a manner  that  both  axes  fall  in  one  line, 
and  the  spindle  makes  as  many  revolutions  as  the  shaft. 

After  a certain  period,  say  one  minute,  the  instrument  is  again  removed,  and 
the  number  of  rotations  read  off  from  the  two  discs.  The  two  discs,  of  course, 
should  point  to  the  zero  of  the  scale  before  the  experiment  commences ; a shield 
K protects  the  point. 

Influence  of  Distance. — We  have  already  considered  at  page  609  the 
various  factors  which  affect  the  solution  of  the  problem  of  the  electric  trans- 
mission of  power  to  a distance,  and  have  shown  how  some  of  the  inevitable 
losses  may  be  reduced  to  a minimum.  But  however  small  these  losses  may  be, 
there  are  still  some  outstanding.  In  what,  then,  consists  the  advantage  of 
electric  transmission  ? First,  a mechanical  motor  is  required  for  the  generator, 
then  an  electric  motor,  and  the  leads  which  connect  the  two  machines  entail 
considerable  expense.  Why  not  allow  the  primary  motor  to  do  the  work  direct  ? 
If  it  be  possible  to  employ  the  motor  at  the  place  required,  it  would  be  cheaper 
and  better  to  do  so ; but  if  it  be  impossible  to  bring  the  mechanical  motor  to 
that  place  at  all,  the  work  itself  cannot  be  done  without  the  intervention  of  some 
means  of  transmission.  The  transmission  of  power  by  means  of  tubes  for  com- 
pressed air,  steam,  or  water,  or  by  means  of  belting,  etc.,  is  only  practicable  for 
very  short  distances,  and  even  for  these  short  distances  is  expensive.  Before, 
however,  giving  a few  examples  of  the  electric  transmission  of  power,  a brief 
reference  must  be  made  to  some  of  the  more  recent  forms  of  electric  motors. 


MODERN  ELECTRIC  MOTORS. 

The  remarks  we  have  made  (page  667)  on  the  “ reversibility  of  dynamo 
machines  in  addition  to  the  brief  theoretical  discussion  given  in  the  subsequent 
pages,  will  have  prepared  our  readers  for  the  statement  that  any  good  continuous 
current  dynamo  electric  generator  can  also  be  used  as  a dynamo  electric,  or  more 
lefly  an  electric  motor.  Considering  the  large  amount  of  space  we  have 

num.^  underlying  the  construction  of  dynamos  and  the 

numerous  descriptions  we  have  given  of  actual  machines,  it  might  appear  to  be 
superfluous  ,o  specially  describe  machines  designed  to  run  as  ItoT'nZZ  of 
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generators.  But  it  must  be  remembered  that,  although  the  general  principles 
governing  the  chief  lines  of  the  design  are  the  same,  an  electric  motor  has 
frequently  to  be  used  under  very  different  conditions  to  a generator,  and  the 
usage  to  which  it  is  subjected  is  often  rougher.  Moreover,  in  some  applications 
of  electric  motors,  for  instance,  for  electric  locomotion,  the  question  of  weight 


t ig.  672. — The  Immisch  Motor. 


assumes  a relatively  greater  importance  than  m generators.  It  thus  happens  that 
various  modifications  in  details  have  to  be  introduced,  and  therefore  a brief 
description  of  one  or  two  machines  may  not  be  uninteresting.  The  question  of 
alternate  current  motors  will  be  dealt  with  separately. 

There  is  one  important  point  in  which  a continuous  current  motor  differs 
from  the  corresponding  dynamo,  and  that  is  in  the  lead  of  the  brushes.  Taking 
for  simplicity  the  case  of  a shunt-wound  motor,  let  the  reader  refer  to  Fig.  372 


Fig.  673. — Longitudinal  Section  of  the  Immisch  Motor. 


and  suppose  that  some  kind  of  generator  is  placed  in  the  “ main  circuit,”  such 
that  a current  is  driven  round  that  circuit  in  the  opposite  direction  to  tha. 
indicated  by  the  arrows.  It  will  be  seen  that  the  current  through  the  field- 
magnet  circuit  will  be  in  the  same  direction  as  that  shown  in  the  figure  whilst  the 
current  in  the  armature  will  be  reversed.  Under  these  circumstances  the 
armature  will  rotate  in  a clockwise  direction  and  the  dynamo  will  act  as  a motor. 
But  the  current  in  the  armature  being  reversed,  the  magnetic  field  due  to  this 
current  will  have  an  effect  on  the  magnetic  field  set  up  by  the  field  magnets 
opposite  to  that  which  it  has  when  the  dynamo  is  acting  as  a generator.  In  the 
latter  case  the  effect  is  such  as  to  rake  the  resultant  field  round  in  the  direction 
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of  rotation,  therefore  in  the  case  of  the  motor  the  resultant  field  is  laked  back- 
ward, and  to  minimise  sparking  the  brushes  must  be  set  back,  or,  as  it  is  said, 
given  a hackxvard  lead,  whereas  in  the  case  of  a generator  they  have  a forward 

lead.  , . . 

In  other  respects  motors  are  almost  identical  with  dynamos,  the  minor  points 

of  difference  being  that  greater  care  must  be  taken  with  the  lamination  of  the 


Fig.  674. — Fifty  Horse-power  Waterproof  Railway  Motor. 


iron  of  the  magnetic  circuit  in  order  to  avoid  eddy  currents,  and  that  special 
attention  must  be  paid  to  mechanical  arrangements  by  which  the  magnetic  drag 
on  the  current-carrying  wires  is  transmitted  to  the  shaft. 

In  the  last  few  years  many  motors  for  mining  and  traction  work  have  been 
constructed  by  the  General  Electric  Traction  Company  from  the  designs  of 
their  late  engineer,  Mr.  A.  T.  Snell.  These  motors  are  known  as  “ Immisch  ” 
motors ; the  earlier  ones  of  this  type  were  designed  by  Mr.  Moritz  Immisch. 
Fig.  672  gives  a perspective  view,  and  Fig.  673  a longitudinal  section  one-tenth 
of  full  size,  of  one  intended  to  give  8 h.  p.  on  the  shaft  at  1,400  revolutions  per 
minute.  The  armature  is  ring  wound,  and  its  core  consists  of  thin  iron  discs, 
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wit  1 thicker  discs  at  intervals,  the  latter  having  projecting  teeth  which  materially 
help  to  keep  the  conducting  wires  in  their  places.  The  commutator  is  peculiar 
being  divided  into  two  sections  with  the  alternate  bars  in  each.  As  the  brush 
or  brushes  slide  across  both  sections,  the  effect  is  to  short  circuit  for  an  ap- 
preciable part  of  a revolution  the  coils  which  are  passing  through  the  neutral 
positions.  It  is  claimed  that  this  device  diminishes  the  troublesome  effects  due 
to  cross  magnetisation,  and  renders  changes  of  lead  unnecessary.  The  details  of 
the  connections  to  the  commutator  can  be  seen  in  Fig.  673.  The  above  motor 
weighs  350  lbs.,  and  has  an  efficiency  at  full  load  of  85  per  cent. 

The  larger  motors  of  this  type  have  drum  armatures  and  a still  higher 
efficiency.  Thus  the  30  h.  p.  motor,  taking  about  50  amperes  at  500  volts,  and 
weighing  1,870  lbs.,  has  a nett  efficiency  of  about  90  per  cent. 

The  only  other  continuous  current  motor  we  shall  describe  is  one  recently  in- 
troduced and  very  widely  used  for  tram-car  work  in  the  United  States.  Fig.  674 
represents  a 50  h.  p.  motor  mounted  in  position  on  the  axle  of  a car,  and  a 
casual  inspection  shows  how  the  exigencies  of  its  use  have  modified  the  whole 
design.  The  motor  is  of  the  ironclad  type,  and  so  completely  are  the  armature 
and  field-magnet  coils  protected,  that  water  may  be  poured  over  it  or  it  may  be 
run  through  water  up  to  the  lower  side  of  the  bearings  without  any  injury.  The 
armature,  which  is  about  20  inches  in  diameter  with  a 6-inch  face,  is  of  the  usual 
Pacinotti  ring  type,  there  being  64  grooves  with  14  windings  of  thick  wire  in 
each.  At  the  left  hand  end  the  armature  shaft  carries  a pinion  whose  teeth  gear 
into  a larger  wheel  on  the  axle  of  the  running  wheels.  Both  pinion  and  wheel  are 
enclosed  in  a dust-  and  waterproof  case  partly  filled  with  heavy  lubricating  oil,  in 
which  they  work  noiselessly  and  are  well  protected  from  the  grinding  action  ot 
grit  and  dust,  raised  by  the  rapidly  moving  car.  Carbon  brushes  are  used,  which 
are  fixed  in  stationary  brush-holders  clamped  in  slots  on  each  side  of  the 
bearing  at  the  commutator  end,  and  which  can  quickly  be  removed  for  inspection 
or  renewal  of  the  brushes.  Such  brushes  allow  the  armature  to  be  run  in  either 
direction. 

The  most  remarkable  part  about  the  motor  is  the  field-magnet.  This  consists 
of  two  rounded,  shell-shaped  iron  castings,  hinged  together  at  the  back  or  axle 
end,  and  firmly  clamped  up,  when  the  motor  is  used,  by  four  steel  bolts  at  the 
front  and  back.  The  figure  shows  the  upper  half  of  the  magnet  turned  up  on 
the  hinges  so  as  to  show  the  interior.  The  brasses  of  the  axles  are  held  in 
position  between  the  two  castings,  and  can  be  easily  replaced  when  worn  out. 
In  the  interior  of  the  upper  casting  can  be  seen  the  upper  pole  piece  projecting 
downwards  so  as  to  encircle  the  armature  when  the  casting  is  bolted  down. 
There  is  only  one  magnetising  coil,  which  is  slipped  over  this  upper  pole  piece, 
and  is  thus  well  protected  from  mechanical  injury.  It  also,  being  unbalanced  by 
a similar  coil  on  the  lower  pole-piece,  exerts  a lifting  pull  on  the  armature  which 
takes  a considerable  portion  of  the  weight  of  the  latter  off  the  bearings  when 
running  at  normal  load.  The  lower  pole-piece  consists  of  only  a slight  inward 
lirojection  from  the  lower  shell. 


Electric  Motors. 


68i 


This  motor,  known  as  the  W.  P.  (waterproof)  motor,  is  manufactured  by  the 
General  Electric  Co.  of  New  York,  and  up  to  October  1892  had  been  put  in 
operation  on  about  150  tram-lines  throughout  the  United  States. 


Pig-  675. — Deprez’s  Small  Motor. 


Small  Electric  Motors. — By  small  electromotors  we  mean  those  which 
do  not  yield  more  power  than  75  foot-pounds  of  work  per  second.  Fig.  675 
shows  such  a motor  constructed  by  Deprez.  This  motor  is  a Siemens  machine 


Fig.  676. — Griscom’s  Motor. 


(compare  Fig.  230),  in  which  the  cylindrical  armature  is  parallel  to  the  arms 
^y^  and,  when  so  used,  is  equivalent  to  3 Bunsen  cells.  Driving  the 
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machine  as  a motor  by  cells  each  capable  of  giving  2 ’9  foot-pounds  per  second, 
Deprez  obtained  the  following  results  : 


Cells 

Foot-pounds  per  second 


2 

I '45 


3 

3'2S 


4 

5-42 


S 

7-95 


8 

13-0 


Fig.  678.—  Edison’s  Electric  Pen. 


The  magnets  of  this  model  were  5 7 inches  long,  and  the  poles  were  i ’3  inches 
distant  from  each  other.  The  armature  had  a length  of  2-15  and  a diameter  of 

I -25  inches,  and  the  whole  appa- 
ratus weighed  6 '2 5 pounds.  This 
motor  was  used  during  tRe 
Exhibition  at  Paris  in  1881  for 
the  working  of  sewing-machines, 
with  Deprez’s  system  for  the 
distribution  of  the  current. 

Griscom’s  motor  in  Fig.  676 
is  used  for  working  sewing-ma- 
chines. Fig.  677  shows  a sec- 
tion of  the  same.  The  shuttle 
armature  a A is  surrounded  by 
the  tube-shaped  electro-magnet 
E E,  which  has  its  poles  at  N 
and  s.  A change  in  the  direc- 
tion of  the  current  is  brought  about  by  the  commutator  c every 
half-revolution.  The  current  coming  from  the  battery  b passes 
through  the  contact  spring  /',  and  the  left  commutator  segment, 
into  the  coils  of  the  armature  ; from  here  through  the  right-hand 
commutator  segment,  and  the  contact  spring  into  the  coils  of 
the  electro-magnets  E e,  and  then  back  again  to  the  battery.  ' 
When  the  armature,  owiirg  to  the  attraction  of  dissimilar  and 
repulsion  of  similar  poles,  has  reached  the  line  x y,  a change  of' 
the  current  takes  place  in  consequence  of  the  turning  of  the 
commutator,  and  with  it  a change  of  polarity,  which  causes 
the  armature  to  continue  its  rotation  in  the  same  direction. 

' Griscom’s  motor  has  a length  of  about  4 inches,  and  weighs  2 '5 

pounds.  A chromate  of  potassium  battery  of  six  cells  is  used.  To  make  the 
motor  go  faster  or  slower,  the  plates  are  dipped  into  the  fluid  deeper,  or  are  lifted 
out  by  means  of  a lever,,  which  has  a treadle  at  the  end,  so  that  the  person  at  the 
machine  can  regulate  the  speed  with  the  foot. 

Edison’s  Electric  Pen.— The  smallest  electromotors  are  probably  those 
used  for  the  electric  pen  by  Edison,  in  Fig.  678.  The  pen  is  used  to  perforate 
a sheet  of  paper,  which  can  be  used  as  a stencil-sheet  to  print  from.  The 
machine  is  r6  inch  high  and  o-8  inch  wide.  The  electro- mapret  ee  is  fixed 
to  the  frame  a a ; R is  a little  fly-wheel,  the  ends  of  whose  axis  rest  in  b and  . 
R,  which  rotates  immediately  before  the  poles  of  the  electro-magnet  E,  has  a bar 
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magnet  n s,  arranged  as  shown  in  the  figure.  Upon  the  axis  b d,  the 
commutator  c is  fastened  in  such  a way  that  the  direction  of  the  current  sent 
through  the  coils  of  the  electro-magnet  changes  twice  for  every  full  revolution 
of  the  wheel.  The  connection  between  the  coils  and  battery  wires  is  brought 
about  by  means  of  clamps,  at  / and  p'.  One  of  these  clamps  is  connected  with 
the  commutator  by  means  of  the  spring  /,  and  its  position  can  be  regulated  by 
the  screw  t.  The  shaft  b d has  a treadle-shaped  crank,  which  actuates  the  end 
of  the  rod  s s,  causing  an  up-and-down  movement  of  the  rod  when  rotating. 
'I'he  needle  n.  is  fastened  to  the  end  of  the  rod,  and  passes  through  a tube  f, 
which  forms  the  pen-holder,,  and  can  be  screwed  to  the  frame  x y.  When 
a current  passes  through  the  coils  of  the  electro-magnet,  the  latter  attracts 
the  bar  magnet,  causing  the  wheel  to  turn  in  a certain  direction.  When, 

in  consequence  of  this  motion,  dissimilar  poles  stand  opposite  each  other, 
the  commutator  interrupts  the  current  in  the  electro-magnet,  and  the  wheel 
continues  its  motion ; the  commutator  again  makes  contact ; and  the  currents 
flow  now  round  the  electro-magnet  in  the  opposite  direction,  and  the  polarity 
will  be  changed,  so  that  similar  poles — for  instance,  n of  the  bar  magnet 
and  N of  the  electro-magnet— are  near  each  other.  Repulsion  will  take  place, 
and  will  cause  the  wheel  to  continue  its  rotation.  The  wheel  makes  65  revolu- 
tions per  second,  during  which  it  lifts  the  needle  up  and  down  about  130  times. 
From  the  \vriting  thus  produced  4,000  or  5,000  copies  may  be  taken.  A small 
two-cell  bichromate  battery  supplies  the  necessary  current. 

Before  referring  to  the  electric  transmission  of  power  by  alternate  currents 
we  shall  give  a few  examples  of  the  use  of  continuous  current  motors,  and  of 
the  electric  transmission  of  power  by  continuous  currents. 


ELECTRIC  LOCOMOTION. 

The  most  important  applications  of  the  electric  transmission  of  power  at  the 
present  time  are  undoubtedly  those  concerned  with  the  transport  either  of 
passengers  or  goods,  and  these  will  probably  retain  their  leading  position  for 
many  years  to  come.  From  time  to  time,  since  Faraday’s  great  discovery 
attempts  have  been  made  to  utilise  the  energy  of  the  electric  current  for  purposes 
of  locomotion.  As  already  mentioned,  Jacobi  applied  his  motor  for  propelling  a 

Zttn  Staaturgh  and  Becker,  of  Groningen,  in  1835,  and 

Botto  of  Turin  in  1836,  constructed  magneto-electric  carriages.  Davidson  in 
1842  drove  a carnage  electrically  at  the  rate  of  four  miles  an  hour  between 

solu^on  ofT  "ot  yet  ripe  for  the  successful 

lent  of  the  modern  dynamo  machine,  had  to  be  obtained  from  costly  batteries 

from  su"h  therefore  impossible  for  methods  drawing  energy 

oin  such  an  expensive  source  to  compete  with  other  and  cheaper  methods. 

rivii-  I Z ^ locomotion  as  a real  addition  to  the  resources  of 

vihsation  therefore  begins  subsequently  to  the  improvements  of  the  dynamo 
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machine  by  Gramme,  Siemens,  Varley,  and  others.  In  the  Berlin  Industrial 
Exhibition  in  1879,  Siemens  and  Halske  successfully  ran  an  electric  tramway  325 
yards  long,  and  in  the  following  year  a similar  line  was  worked  at  the  Vienna 
Exhibition.  In  the  same  year  a tramway  over  i;|  miles  long  was  used  commer- 
cially at  the  bleaching  works  of  M.  Duchesne-Fournet  at  Breuil-en-Auge 
(Calvados).  The  first  electric  railway  open  to  the  public  was  constructed  in 
t88i  by  Siemens  and  Halske  at  Lichterfelde,  and  had  a length  of  miles. 
Details  of  these  early  lines  will  be  found  in  the  previous  edition  of  this  book.- 
The  Portrush  Railway.— The  Electric  Railway  at  Portrush,  in  Ireland, 
is  of  great  interest,  and  as  here  the  force  of  a waterfall  is  utilised,  we  will  treat 
it  at  length,  and  use  it  for  illustration  of  the  theory.  The  machinery,  repre- 
sented in  Fig.  679,  is  described  in  La  Lumiere  Elecirique,  1883,  and  The 
Electrician  of  April  21st,  1883.  In  the  summer  of  1881,  Mr.  W.  A.  Traill,  late 
of  H.M.  Geological  Survey,  suggested  to  Dr.  Siemens  that  the  line  between 
Portrush  and  Bushmills,  for  which  Parliamentary  powers  had  been  obtained, 
would  be  suitable  in  many  respects  for  electrical  working,  especially  as  there 
was  abundant  water-power  available  in  the  neighbourhood.  Dr.  Siemens  at 
once  joined  in  the  undertaking,  which  was  carried  out  under  his  direction.  The 
line  extends  from  Portrush,  the  terminus  of  the  Belfast  and  Northern  Counties 
Railway,  to  Bushmills,  in  the  Bush  Valley,  a distance  of  six  miles.  For  about 
half  a mile  the  line  passes  down  the  principal  street  of  Portrush,  and  has  an 
extension  along  the  Northern  Counties  Railway  to  the  harbour.  For  the  rest  of 
the  distance  the  rails  are  laid  on  the  sea  side  of  the  county  road,  and  the  head  of 
the  rails  being  level  with  the  ground,  a foot-path  is  formed  the  whole  distance, 
separated  from  the  road  by  a kerb-stone.  The  line  is  single,  and  has  a gauge  of 
three  feet,  the  standard  of  the  existing  narrow-gauge  lines  in  Ulster.  The  gradients 
are  exceedingly  heavy,  being  in  parts  as  steep  as  one  in  thirty-five.  The  curves 
are  also  in  many  cases  very  sharp,  having  necessarily  to  follow  the  existing  road. 
There  are  five  passing-places  in  addition  to  the  sidings  at  the  termini  and  at  the 
carriage  depot.  At  the  Bushmills  end  the  line  was  laid  for  about  two  hundred 
yards  along  the  street,  and  ended  in  the  market-place  of  the  town.  Since  it  was 
opened  it  has  been  extended  an  additional  two  miles  in  the  direction  of  Dervock, 
and  when  it  reaches  the  latter  place  it  will  complete  the  connection  with  the 
narrow-gauge  system  from  Ballymena  to  Larne  and  Cushendall.  About  1,500 
yards  from  Bushmills  there  is  a waterfall  on  the  river  Bush,  with  an  avail- 
able head  of  24  feet,  and  an  abundant  supply  of  water  at  all  seasons  of  the 
year.  Turbines  have  been  erected,  and  the  necessary  works  executed  for 
employing  the  fall  for  working  the  generating  dynamo  machines,  and  the  cunent 
is  conveyed  by  means  of  an  underground  cable  to  the  end  of  the  line.  Fig. 
679  represents  the  machine-house  and  the  waterfall  which  supplies  the  natural 
motive-power.  The  generators  (Siemens  machines)  receive  their  power  from 
the  two  Alcott  turbines,  each  of  which  supplies  50  h.  p.  for  225  revolutions. 
The  water  at  the  higher  level  is  led  into  a wooden  aqueduct  27  metres  or  9 feet 
broad,  and  thus  conveyed  to  the  turbines  through  the  cylinders  shown  in  the 


Fig.  679  — The  Turbines  at  Portrush. 


686 


Electricity  in  the  Service  of  Man. 


figure,  which  are  1-05  metre,  or  3^  feet  in  diameter.  The  speed  of  the  turbines 
IS  automatically  regulated  by  means  of  a Watt  governor.  It  is  possible  to 
influence  the  regulator  from  the  machine-house,  so  as  to  alter  the  rate  which  is 
automatically  maintained.  The  shafts  of  the  turbine  carry  bevelled-toothed 
wheels,  which  gear  with  similar  wheels  on  horizontal  shafts.  At  the  other  ends 
of  these  shafts  are  ordinary  toothed  wheels,  that  by  their  joint  action  keep  in 
rotation  a third  wheel,  which  conveys  the  power  by  means  of  ordinary  shafting  to 
the  Siemens  dynamo  within  the  machine-house,  and  which  may  be  seen  through 
the  window  in  the  woodcut.  At  first  the  line  was  worked  by  a small  steam-engine 
placed  at  the  carriage  depot,  at  the  Portrush  end.  The  whole  of  the  constructive 
works  were  designed  and  carried  out  by  Mr.  Traill,  with  the  assistance  of  Mr. 
E.  B,  Price. 

The  transmission  system  consists  of  a separate  conductor  with  rail  return,  k 
rail  of  T-iron,  weighing  19  lbs.  to  the  yard,  is  carried  on  wooden  posts  boiled  in 
pitch,  and  placed  10  feet  apart,  at  a distance  of  22  inches  from  the  inside  rail  and 
1 7 inches  above  the  ground.  The  rail  comes  close  up  against  the  fence  at  the 
side  of  the  track,  thus  forming  an  additional  protection.  The  conductor  is  con- 
nected by  an  underground  cable  to  a single  shunt-wound  dynamo-machine,  placed 
in  the  engine-shed,  and  worked  by  the  turbines,  or  formerly  by  a small  agricultural 
steam-engine.  The  current  is  conveyed  from  the  conductor  by  means  of  two 
springs  made  of  steel,  rigidly  held  by  two  steel  bars,  placed  one  at  each  end 
of  the  car,  projecting  about  six  inches  from  the  side  : since  the  conducting  rail  is 
iron,  while  the  brushes  are  steel,  the  wear  of  the  latter  is  exceedingly  small.  In 
dry  weather  they  require  the  rail  to  be  slightly  lubricated,  in  wet  weather  the 
water  on  the  surface  of  the  iron  provides  all  the  lubrication  required.  The 
double  brushes  placed  at  the  extremities  of  the  car  enable  it  to  bridge  over 
the  numerous  gaps  which  necessarily  interrupt  the  conductor,  to  allow  cartways 
into  the  fields  and  commons  adjoining  the  shore.  When  the  car  arrives  at 
one  of  these  gaps  the  front  brush  leaves  the  rail,  but  since  the  back  brush 
still  touches  the  rail  the  current  is  not  broken.  Before  the  back  brush 
leaves  the  conductor  the  front  brush  will  generally  have  reached  again  to 
it,  so  that  the  current  is  not  interrupted.  There  are,  however,  two  or 
three  gaps  too  broad  to  be  bridged  over  in  this  way.  In  these  cases  the 
driver  will  break  the  current  before  reaching  the  gap,  the  momentum  of  the  car 
carrying  it  the  10  or  12  yards  it  must  travel  without  power.  The  current  is  con- 
veyed under  the  gaps  by  means  of  an  insulated  copper  cable  carried  in  wrought- 
iron  pipes,  placed  at  a depth  of  18  inches.  At  the  passing-places,  which  are 
situated  on  inclines,  the  conductor  takes  the  inside,  and  the  car  ascending  the 
hill  also  runs  on  the  inside,  while  the  car  descending  the  hill  proceeds  by  gravity 
on  the  outside  lines. 

From  the  brushes  the  current  is  taken  to  a commutator,  worked  by  a lever, 
which  switches  resistance  frames  placed  under  the  car,  in  or  out,  as  may  be 
desired.  The  same  lever  alters  the  position  of  the  brushes  on  the  commutator 
of  the  motor,  reversing  the  direction  of  rotation,  in  the  manner  shown  in  the 
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electrical  lift  (Fig.  711).  The  current  is  not  turned  full  on  suddenly,  but  passes 
through  the  resistances,  which  are  afterwards  cut  out  in  part  or  altogether, 
according  as  the  driver  desires  to  run  at  reduced  speed  or  full  speed. 

From  the  machine  the  current  is  conveyed  through  the  axle-boxes  to  the 
axle,  thence  to  the  tires  of  the  wheels,  and  finally  back  by  the  rails,  which  are 
uninsulated,  to  the  generating  machine.  The  conductor  is  laid  in  lengths  of 
about  21  feet,  the  lengths  being  connected  by  fish-plates,  and  also  by  a double 
copper  loop,  securely  soldered  to  the  iron.  It  is  also  necessary  that  the  rails  of 
the  permanent  way  should  be  connected  in  a similar  manner,  as  the  ordinary  fish, 
plates  give  a very  uncertain  electrical  contact,  and  the  earth  for  large  currents  is 
altogether  untrustworthy  as  a conductor,  though  no  doubt  materially  reducing 
the  total  resistance  of  the  circuit.  The  motor  is  placed  in  the  centre  of  the  car, 
beneath  the  floor,  and  through  intermediate  spur-gear  drives  by  a steel  chain 
on  to  one  axle  only.  The  reversing  levers  and  also  the  levers  working  the 
mechanical  brakes  are  connected  to  both  ends  of  the  car,  so  that  the  driver  can 
always  stand  in  front  and  have  uninterrupted  view  of  the  rails,  which  is,  of 
course,  essential  in  the  case  of  a line  laid  by  the  side  of  a public  road.  The 
cars  are  first  and  third  class,  some  open  and  some  covered,  and  are  constructed 
to  hold  20  people,  exclusive  of  the  driver. 

Let  us  now  put  in  a form  suitable  for  calculation,  the  principles  which  Dr. 
Siemens  illustrated  in  a graphic  form,  and  then  show  how  these  principles  have 
been  applied  in  the  present  case.* 

Let  L be  the  couple  measured  in  pound-feet,  which  the  dynamo  must  exert 
in  order  to  drive  the  car,  and  v>  the  necessary  angular  velocity.  Then  by  the 
theory  of  the  motor  L and  w are  constant.  Taking  the  tare  of  the  car  as  50  cwt., 
including  the  weight  of  the  machinery  it  carries,  and  a load  of  20  people  as  30 
cwt.,  we  have  a gross  weight  of  4 tons.  Assume  that  the  maximum  rate  required 
is  that  the  car  should  carry  this  load  at  a speed  of  7 miles  an  hour  on  an  incline 
of  I in  40.  The  resistance  due  to  gravity  may  be  taken  as  56  lbs.  to  the  ton, 
and  the  frictional  resistance  and  that  due  to  other  causes,  say  14  lbs.  per  ton^ 
giving,  at  a radius  of  14  in.,  a total  resistance  of  280  lbs.  The  angular  velocity  at 
this  radius  corresponding  to  a speed  of  7 miles  an  hour  is  84  revolutions  per 
minute.  Hence  l=  280  x i|-  = 327  pound-feet,  and 

2 7T  X 84 


in  seconds  and  circular  measure,  in  which  the  angular  velocity  of  one  revolution 
per  second  is  2 tt. 

If  the  armature  of  the  dynamo  be  wound  directly  on  the  axle,  it  must  be 
designed  to  exert  the  couple  l corresponding  to  the  maximum  load  when  revolving 
at  an  angular  velocity  ?£/,  the  difference  of  potential  between  the  terminals  being 
the  available  e.  m.  f.  of  the  conductor,  and  the  current  the  maximum  the  armature 


* Seo  the  Electrician  for  April  21,  1883, 
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will  safely  stand.  But  when  the  dynamo  is  connected  by  intermediate  gear  to  the  I 
riving  wheels  the  product  of  l and  zv  remains  constant,  although  the  two  factors  ! 

may  be  varied.  In  the  present  case  l is  diminished  in  the  ratio  of  7 to  i and  zo  j 

consequently  increased  in  the  same  ratio.  Hence  the  dynamo  with  its  maximum  ' 

load  must  revolve  at  84  x 7 =588  revolutions  per  minute,  and  exert  a couple  of  ^ 

327  7 =47  pound-feet.  1 

Let  E be  the  potential-difference  of  the  conductors  from  which  the  current  is  ' 
drawn  measured  in  volts,  c the  current  in  amperes,  and  Ej  the  E.  m.  f.  of  the 
motor.  Then  e^  is  proportional  to  the  product  of  the  angular  velocity,  and  a 
certain  function  of  the  current.  For  a certain  angular  velocity  let  this  function 
be  denoted  by/(c).  If  the  characteristic  of  the  motor  can  be  drawn,  then  / (c) 
is  known. 

We  have  then 

w 

(i.) 


If  R be  the  resistance  in  circuit,  by  Ohm’s  law, 


And,  therefore. 


c = 


E - -/(C) 
n-'  ^ ' 


R 


zv  — 


« (e  - c r) 

/(C) 


(2.) 


Let  a be  the  efficiency  with  which  the  motor  transforms  electrical  into 
mechanical  energy,  then 


Power  required  = Lze/  = aEiC=ac  ^/  (c). 


Dividing  by  7f', 


^c/(c) 

n 


(3) 


It  must  be  noted  that  l is  here  measured  in  electrical  measure,  or  adopting 
that  unit  given  by  Dr.  Siemens,  in  the  British  Association  Address,  in  joules. 
One  joule  equals  approximately  74  foot-pound.  Equation  (3)  gives  at  once  . 
an  analytical  proof  of  the  principle,  that  for  a given  motor  the  current  depends 
on  the  couple,  and  upon  it  alone.  Equation  (2)  shows  that  with  a given 
load  the  speed  depends  upon  e,  the  electro-motive  force  of  the  main,  and  r 
the  resistance  in  the  circuit.  It  shows  also  the  effect  of  putting  into  the  , 
circuit  the  resistance  frames  placed  beneath  the  car.  If  r be  increased  until  . 
c R is  equal  to  e,  then  zv  vanishes,  and  the  car  remains  at  rest.  Thus  as 
R increases  Ohm’s  law  applies,  and  the  current  diminishes.  Hence,  suitable  ' 
resistances  are,  first,  a high  resistance  for  diminishing  the  current,  and  con- 
sequently the  sparking  at  make  and  break ; and  secondly,  one  or  more  low 
resistances  for  varying  the  speed  of  the  car.  If  the  form  of  / (c)  be  known.  1 
as  is  the  case  with  a Siemens  machine,  Equations  (2)  and  (3)  can  be  com- 


Electric  Railways. 


689 


pletely  solved  for  w and  c,  giving 
the  current  and  speed  in  terms  of 
L E and  R.  The  expressions  so 
obtained  are  not  without  interest, 
and  agree  with  the  results  of  ex- 
periment. 

City  and  South  London 
Electric  Railway. — The  com- 
pletion of  this  railway  marked  a 
distinct  advance  in  the  application 
of  electric  locomotion  to  ordinary 
railway  passenger  requirements,  es- 
pecially in  large  and  densely  popu- 
lated districts.  It  was  formally 
inaugurated  by  the  Princess  of  Wales 
on  November  4,  1890,  and  opened 
for  public  use  on  December  18  of 
the  same  year. 

The  line,  which  is  3J  miles  long, 
extends  from  the  Monument  in  the 
City  of  London  to  Stockwell,  on  the 
south  side  of  the  Thames.  There 
are  two  distinct  tunnels,  one  for  the 
up  and  the  other  for  the  down  line, 
so  that  collisions  between  trains 
travelling  in  opposite  directions  are 
impossible.  The  tunnels  consist  of 
iron  tubes  following  the  direction  of 
the  main  thoroughfares  above  but 
at  a distance  of  60  to  70  feet  below 
the  surface,  so  that  all  interference 
with  gas  and  water-pipes,  sewers  and 
subways,  etc.,  is  avoided,  as  well  as 
disturbance  of  the  roadway  during 
the  progress  of  the  work.  As  a rule, 
the  tunnels  run  side  by  side,  but 
where  they  pass  under  the  Thames 
one  is  above  the  other.  The  road 
has  many  severe  gradients  and 
curves,  some  of  the  former  being  as 
heavy  as  t in  25  against  the  load. 
The  ventilation,  a serious  difficulty 
at  such  a depth,  may  be  described 
as  automatic,  since  each  train  nearly 
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fills  the  cross  section  of  the  tunnel  and  drives  the  air  before  it  as  it  advances, 
drawing  in  a fresh  supply  from  the  station  that  it  has  just  passed. 

The  generating  station  is  at  Stockwell,  the  general  plan  being  depicted  in 
Fig.  680.  There  are  three  large  dynamos,  constructed  by  Messrs.  Mather  and  Platt 
of  the  Edison-Hopkinson  type  previously  described,  and  each  capable  of  giving 
450  amperes  at  500  volts,  or  300  horse  power.  Each  dynamo  is  driven  by  a 
vertical  compound  engine  able  to  indicate  375  horse-power.  Two  of  these 
engines  and  dynamos  are  sufficient  for  the  ordinary  requirements  of  the  line,  the 
third  being  kept  in  reserve.  From  the  dynamo-room  the  current  is  led  by  four 


Fig.  681.— Mather  and  Platt’s  Electric  Locomotive. 


feeding  mains  to  distributing  boards  in  the  signal  boxes.  These  mains  are 
Fowler- Waring  cables  each  consisting  of  a copper  conductor  made  up  of  61 
strands  of  No.  14  wire  insulated  with  patent  insulating  material  and  lead 
sheathed.  From  the  signal-boxes  the  current  is  conveyed  to  the  feeding  points 
on  the  working  conductor.  The  latter  consists  of  a specially  rolled  steel  rail  of 
good  conductivity  carried  on  glass  insulators  between  and  about  one  inch  below 
the  level  of  the  main  rails.  Each  length  is  joined  to  the  succeeding  length  by  a 
fish-plate  and  bolts  in  the  usual  way,  but  electrical  continuity  is  insured  by 
means  of  laminated  copper  strips  riveted  to  the  steel  conductor.  The  working 
conductor  is  divided  into  sections  which  can  be  isolated  for  testing  or  other 
purposes.  After  the  current  has  passed  through  the  locomotive,  it  returns  by 
means  of  the  ordinary  running  rails,  which  are  likewise  connected  together  with 

copper  strips. 
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The  locomotives  are,  from  an  electrical  point  of  view,  the  most  interesting 
part  of  the  railway.  One  of  these  is  depicted  in  Fig.  68 1.  Each  locomotive  is 
driven  by  two  motors  whose  armatures  are  built  upon  the  running  axles  of  the 
wheels,  so  that  the  complication  and  loss  attendant  on  the  use  of  reducing  gear 
are  avoided.  The  field-magnets,  which  are  very  massive,  are  supported  partly  by 
the  axles  and  partly  suspended  from  the  frame  of  the  locomotive,  and  thus  have 
a certain  amount  of  freedom  of  angular  motion  about  the  axle.  The  magnets 
are  series-wound,  and  the  direction  of  the  rotation  of  the  armature  is  reversed  by 
means  of  a special  switch  which  reverses  the  current  in  the  armature  without 
changing  that  in  the  field-magnets.  When  running  at  20  miles  per  hour,  the 
speed  of  rotation  of  the  armature  is  about  250  revolutions  per  minute. 

The  current  is  picked  up  from  the  insulated  working  conductor  by  means  of 
three  cast-iron  shoes  sliding  along  it.  From  these  the  current  is  carried  to  the 
main  resistance  switch  which  controls  both  motors.  The  regulating  resistances 
are  in  series  with  the  motors  and  are  gradually  cut  out  as  the  speed  increases. 
After  passing  the  motors,  the  current  returns  by  means  of  the  wheels  to  the 
running  rails. 

Fourteen  of  these  locomotives  were  originally  supplied  for  the  service  of  the 
line,  but  others  have  since  been  added.  Each  locomotive  weighs  10  tons,  and 
is  capable  of  exerting  a tractive  pull  of  3,000  lbs.  and  running  at  a speed  of 
25  miles  per  hour.  A train  consists  of  a locomotive  and  three  carriages,  each 
constructed  to  carry  thirty-four  passengers.  The  train  is  lighted  by  glow  lamps 
supplied  with  current  from  the  mains.  At  the  busy  part  of  the  day,  in  the 
morning  and  evening,  16  to  17  trains  are  run  per  hour  each  way,  and  in  the  first 
year  over  5,000,000  of  passengers  were  carried.  In  the  same  year  the  average 
mileage  of  each  locomotive  in  regular  use  was  over  27,000,  which  is  considerably 
over  the  average  of  a well-equipped  steam  railway.  The  success  of  this  line  has 
led  to  the  projection  of  several  others  similar  in  character. 

Electric  Tramways. — The  total  amount  of  power  required  to  propel  a 
tram-car  is  less  than  that  required  for  an  ordinary  train,  but  is  greater  in 
proportion  to  the  weight  moved.  The  methods  hitherto  employed  may  be 
divided  into  two  main  classes,  namely,  those  in  which  the  power  is  conveyed  to 
the  moving  car  by  means  of  an  insulated  conductor  or  conductors  laid  alongside 
the  track  throughout  its  length,  and  those  in  which  the  energy  is  carried  within 
the  car  itself.  The  first  class  may  be  subdivided  according  to  the  position  of 
the  insulated  conductor  relatively  to  the  track;  this  conductor  may  either  be 
overhead,  or  it  may  consist  of  an  insulated  third  rail  lying  between  the  other  two 
as  in  the  railways  just  described,  or  it  may  be  in  a closed  conduit  between  the 


The  earliest  electric  tramways  almost  invariably  used  the  overhead  conductor 
iXr  f Tr'  “ ‘he  cars  by  some  kind  of  trailing  slider 

M iT'  B ^ ‘he  overhead  conductors  used  in  the 

Modling-Bruhl  tramline  opened  in  1883. 


The  leads  consist  of  iron  tubes  h and  r,  which 


open  at  the  lower  side 
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and  supported  by  cables  k and  insulators  j j.  The  insulators  for  the  cables,  as 
well  as  the  insulators  for  the  tubes,  are  fastened  by  means  of  iron  supports  to  the 
wooden  column  s.  The  leads  are  connected  with  the  electric  motors  in  the 
carriage  by  means  of  the  boats  5,  which  slide  in  the  tubes.  Each  boat  is  con- 
nected by  means  of  a cord  a to  the  carriage,  and  is  pulled  along  with  it.  The 


Fig.  682.  Fig.  683. — The  Tubes  and  Cables  of  the  Mbdling-Bruhl  Line. 

{End  Elevation^  {Side  Elevation,) 


arrangement  is  shown  in  Fig.  684.  R is  the  tube  in  section  throughout  its  length, 
c c are  the  four  contact  pieces,  of  which  the  sliding  boat  consists.  In  order  that 
the  pieces  may  make  good  contact  with  the  tube,  each  of  them  consists  of  two 
parts,  which  are  pressed  against  the  sides  of  the  tube  by  springs,  which  are  inside 
them.  These  contact  pieces  are  connected  with  each  other  by  means  of  the 
cable  B,  which  consists  of  flexible  copper  wires.  The  first  and  last  contact  pieces 
c have  prolongations  p p,  which  protrude  from  the  slit  of  the  tube,  and  are  firmly 
fastened  to  the  elastic  rod  m ; upon  this  slides  Q,  to  which  the  rod  s is  fastened. 
To  ease  off  the  sudden  pull  of  the  ropes,  a spiral  spring  is  placed  between  Q and 
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the  projection.  The  current  is  conveyed  from  the  contact  boat  by  means  of  the 
cable  u,  which  is  fastened  to  h ; the  latter  is  connected  with  the  boat  by  means 
of  the  copper  rods  n n and  the  protruding  pieces  h.  By  dividing  the  contact 
boat  into  four  pieces,  and  by  using  very  elastic  steel  for  the  rod  m,  it  is  possible 
to  pass  curves  of  very  small  radius.  Every  carriage  or  train  (for  sometimes  three 
carriages  are  fastened  together)  has  two  of  such  contact  boats,  of  which  the  one 
slides  in  the  positive  tube  and  the  other  in  the  negative  tube. 

As  this  tramway  has  only  a single  line,  it  was  necessary  to  construct  points 
for  allowing  trains  to  pass  each  other.  These,  as  constructed  by  Siemens  and 
Halske,  are  shown  in  Fig.  685.  When  the  positive  lead  + arrives  at  the 
points,  it  divides  into  two  portions  + Eg  and  + E3  j the  negative  lead  — e^  is 


Fig.  685. — The  Points. 


similarly  split  up  into  the  branches  — Eg  and  — Eg.  At  h the  leads  cross  each 
other,  and  a short  circuit  would  be  produced,  which  would  exclude  the  motor  of 
the  carriage  if  the  leads  were  to  touch  each  other,  and  they  are  therefore  so 
arranged  that  + Eg  and  —Eg  are  not  in  direct  communication  with  each  other. 
To  prevent  interruption  in  the  portions  + (?g  and  + Eg  on  one  hand,  and 
— (?g—  Eg  on  the  other,  they  are  connected  with  each  other  by  means  of  metal 
bars,  which  are  arranged  inside  the  wooden  piece  h,  and  are  not  visible  in  the 
diagram.  Where  the  tubes  + e^  and  — E;^  divide,  the  tongues  z are  placed,  and 
held  in  the  position  shown  in  the  figure  by  means  of  springs.  The  contact 
boats  of  each  carriage  approaching  from  the  left  will  have  to  slide  in  the  siding  i, 
because  the  siding  ii  is  closed  by  means  of  z.  Every  carriage  approaching  from 
the  right  will  have  to  slide  its  contact  boat  through  the  siding  ii.  If  now,  for 
instance,  the  carriage  from  the  right  continues  its  course,  the  contact  boats  enter 
the  tubes  + Eg  and  — Eg ; they  then  press  upon  the  tongues  z z,  from  behind, 
pushing  them  sideways,  and  allowing  the  carriage  to  continue  its  journey  on 
+ Ej  and  — Ej,  As  soon  as  the  last  contact  piece  has  left  the  tongues  the  latter 
swing  backwards  into  their  former  position. 

The  system  of  overhead  tubular  conductors  with  contact  boats  sliding 
in  them  used  in  the  earlier  days  of  electric  traction  has  been  almost  entirely 
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superseded  by  systems  in  which  solid  conductors  are  used  and  contact  is  nude 
by  means  of  a trolley  wheel  running  along  the  conductor.  In  the  United  States 
nearly  4,000  miles  of  street  tramways  are  so  equipped,  the  extension  of  the 
system  having  been  remarkably  rapid  The  following  details  refer  to  an  over- 


Fig.  686. — Tramcar  with  Overhead  Trolley  Wire. 


head  trolley  system  recently  erected  in  South  Staffordshire  by  the  Electric 
Construction  Corporation. 

The  general  appearance  of  a car  on  the  line  is  shown  in  Fig.  686.  It  will 
be  observed  that  the  current  is  conducted  from  the  overhead  wire  by  means  of  a 
flexible  mast  supported  by  an  upright  on  one  side  of  the  car,  and  either  bending 
over  to  the  side  or  trailing  behind,  according  as  the  overhead  conductor  recedes 
from  or  approaches  the  line  of  rails. 

Commencing  with  the  overhead  conductor,  this  consists  of  a solid  copper 
wire  o'34  inch  in  diameter,  in  sections  half-a-mile  long.  These  sections  are 


Fig.  688. — Section  of 
Insulator. 


i# 


Fig.  689. — Trolley  Wheel  in  Contact  with 
Conductor. 


Fig.  690. — Lower  End  of 
Connecting  Mast. 
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supplied  with  current  from  underground  feeders  of  heavily  armoured  cable, 
which  run  from  the  generating  station  and  are  tapped  at  half-mile  intervals,  a 
fusible  cut-out  being  inserted  in  the  connection  between  the  feeder  and  the 
trolley  wire.  The  latter  is  simply  suspended  by  means  of  insulators,  from  arms 
projecting  from  specially  made  steel  columns  at  a height  of  about  21  feet  above 
the  roadway.  An  insulator  with  the  wire  attached  is  shown  in  elevation  and 
section  in  Figs.  687  and  688.  The  cap  of  the  insulator  is  of  bronze  and  is 
mechanically  clipped  to  the  projecting  arm ; the  hollow  of  the  cap  is  filled  with 
insulating  material  in  which  the  screw  bolt  supporting  the  trolley  wire  is  firmly 
imbedded. 

Contact  is  made  with  the  overhead  conductor  by  the  trolley  wheel  w 
(Fig.  689),  which  is  of  gun  metal  inches  in  diameter,  and  is  so  attached  to 


Fig.  691. — The  Southend  Pier  Tramway. 


the  end  of  the  mast  that  it  is  free  to  swivel  in  any  direction  relatively  to  the 
latter.  The  lower  end  of  the  mast  is  attached  to  an  upright  metal  rod  free  to 
revolve  in  a fixed  upright  tube  fixed  firmly  to  the  framework  of  the  car.  The 
mast  is  really  a long  lever  with  very  unequal  arms,  and  the  shorter  arm  is  pulled 
down  firmly  by  a strong  spiral  spring  (Fig.  690),  the  action  of  which  causes  the 
wheel  at  the  end  of  the  other  arm  to  be  pressed  firmly  upwards  against  the 
overhead  conductor.  The  mast  itself,  being  flexible,  has  great  freedom  of  move- 
ment to  enable  it  to  adapt  itself  to  the  varying  distance  of  the  trolley  wire. 

From  the  mast  the  current  is  led  to  the  switches  and  resistance  frames,  and 
thence  to  the  motors  beneath  the  body  of  the  car;  having  passed  through  the 
motors  it  returns  to  the  generating  station  by  the  rails  in  the  manner  already 
described. 

As  an  example  of  a tramline  in  which  a middle  rail  is  used  as  the  conductor. 
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we  may  refer  to  the  line  on  Southend  Pier.  One  of  the  cars  is  shown  in 
Fig.  691,  and  the  conducting  rail  can  be  plainly  seen  in  its  position  between  the 
other  two.  The  line  was  laid  down  by  Messrs.  Crompton  and  Co.,  and  the 
conductor  is  of  the  type  alluded  to  at  page  630 ; it  consists  of  copper  strip  an 
inch  wide  and  '134  inch  thick,  laid  upon  insulators  15  yards  apart  and  strained 
taut.  It  is  laid  12  inches  from  one  of  the  rails  and  one  inch  below  their  level. 
The  current  is  taken  off  by  rubbing  contacts,  and  after  passing  through  the 
motor  returns  by  the  ordinary  rails,  which  have  a gauge  of  3 feet  6 inches.  The 
usual  speed  is  from  12  to  14  miles  an  hour,  but  20  miles  can  easily  be  attained. 


The  third  system  of  conveying  the  energy  to  the  moving  car  is  the  one  which 
is  most  in  accordance  with  English  ideas  of  preserving  the  amenities  of  the 
public  streets  and  highways.  In  it  the  current-carrying  conductor  is  laid  in  a 
conduit  below  the  street  level,  and  its  presence  causes  no  greater  disturbance 
of  the  surface  than  the  tram  rails  themselves. 

One  of  the  difficulties  connected  with  conduits  to  which  access  is  obtained 
through  a slot,  level  with  the  surface  of  the  street,  is  the  liability  of  the  conduit 
to  become  the  receptacle  of  dust  and  refuse  in  dry  weather  and  to  be  flooded 
with  water  and  mud  in  wet  weather.  This  has  led  to  conduits  being  designed 
in  which  the  slot  is  covered  up  by  a movable  cover  which  is  lifted  by  the  car  as 
it  advances  and  relaid  in  its  place  after  the  car  has  passed.  A conduit  system 
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of  this  kind,  devised  by  Mr.  C.  T.  Brain,  of  Liverpool,  is  illustrated  in  Fig.  692.  ! 
The  conduit,  it  will  be  observed,  is  laid  half-way  between  the  ordinary  rails.  ^ 
It  consists  of  a cast-iron  trough  of  the  cross  section  shown  in  the  figure,  having  a j 
slot  inches  wide  at  the  top.  The  edges  of  the  slot  are  flanged  so  as  to  form 


a seat  for  the  cover  rail,  which  consists  of  a strip  of  mild  steel  if  inches  wide, 
half  an  inch  thick.  In  the  centre  of  the  conduit  is  the  solid  copper  or  phosphor 
bronze  conductor,  supported  at  intervals  of  14  feet  by  insulators  accessible 
through  surface  boxes,  one  of  which  is  shown  in  the  figure.  The  underground 
travelling  shoe  or  slider  which  picks  up  the  current  from 
the  copper  conductor  and  conveys  it  to  the  car  above  is 
shown  in  Figs.  693  and  694,  the  former  being  an  elevation 
partly  in  section  and  the  latter  a vertical  cross  section.  The 
slider  b slips  along  the  conductor  c with  a rubbing  contact, 
which  is  made  firm  by  means  of  the  springs  e acting  on 
the  levers  d.  The  whole  arrangement  is  fixed  in  the  insulat 
ing  framework,  which  partly  covers  the  slider  and  protects 
it  from  mechanical  injury.  Conducting  connection  to  the 
switches  in  the  car  is  secured  by  the  flexible  and  insulated 
cable  i.  The  framework  / is  itself  fixed  in  the  manner 
shown  to  a girder  h attached  to  the  car  above.  This  girder 
has  fixed  to  it  four  small  rollers  r,  which  press  against  the 
under  surface  of  the  cover  rail  a and  lift  it  as  the  car 
advances.  There  are  also  two  rollers  not  shown  in  the 
figure,  but  which  are  respectively  in  front  of  and  behind 
the  others  and  press  on  the  upper  surface  of  the  rail,  so  as  to 
insure  it  being  returned  to  its  seat  after  the  car  has  passed. 
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At  crossing  places  and  junctions  there  are  special  arrangements  to  allow  the 
cover  rail  to  be  lifted  readily,  but  we  need  scarcely  enter  into  these  details. 

Notwithstanding  the  presence  of  the  cover  rail,  some  mud  and  dirt  are  bound 
to  find  their  way  into  the  conduit,  and  it  therefore  has  to  be  flushed  occasionally. 
At  intervals  along  the  conduit  sump-holes  or  depressions  are  constructed,  into 
which  the  mud  is  washed  and  from  which  it  can  readily  be  removed.  The  cost 
of  this  cleansing  is  considerably  less  where  a cover  rail  is  used  than  when  the 


Fig.  695. — Love’s  Electric  Conduit. 


conduit  has  an  open  slot.  In  this  latter  case  the  cost  of  keeping  the  conduit 
free  is  a serious  item.  On  the  other  hand,  the  work  of  lifting  the  cover  rail 
requires  an  expenditure  of  energy  which  is  absent  in  the  other  case ; but  it  is 
stated  that  in  the  above  system  the  additional  tractive  force  under  the  worst 
conditions  does  not  exceed  five  pounds  weight. 

In  the  system  just  described  only  one  conductor  was  laid  in  the  conduit,  the 
current  being  returned  to  the  dynamo  through  the  ordinary  rails.  Electrically, 
a better  system  is  one  which  uses  two  insulated  conductors,  and  such  a system 
with  an  open  slot  at  the  surface  of  the  street  is  illustrated  in  Fig.  695.  It  was 
designed  by  Mr.  Love,  and  was  first  used  on  the  North  Chicago  Street  Tramways 
in  the  winter  of  1891-92.  As  in  the  previous  case,  the  conduit  itself  consists  of 
a cast-iron  trough,  the  top,  however,  being  covered  with  lengths  of  rolled  steel 
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so  constructed  that  they  can  be  quickly  removed  and  replaced  whenever  the  ] 
conduit  has  to  be  opened  up  for  cleansing,*  examination,  or  repairs.  These  steel  1 
covers  have  a deep  flange  on  the  side  bounding  the  slot,  and  are  laid  in  long  j 
lengths,  which  are  secured  in  their  places  by  the  clamps  shown  in  the  figure.  ■ 
The  flanges  on  the  covers  extend  lower  down  than  the  conducting  wires  and  ' 
prevent  them  being  tampered  with  by  mischievous  people.  These  conducting  ' 
wires  are  suspended  from  insulators  placed  at  intervals,  and  the  contact  is  made  i 
with  them  by  means  of  trolley  wheels  running  along  their  under  surfaces.  , 
These  wheels  are  suspended  from  the  car  above  by  a rigid  support  which  moves 
with  the  car  and  through  which  two  insulated  conducting  cables  are  laid.  ^ 

The  second  general  method  of  electric  tramcar  traction  to  which  we  referred  • 
on  page  691  is  that  in  which  the  energy  required  is  carried  by  the  car  itself.  In 
this  case  secondary  batteries  are  used  to  store  the  energy,  and  are  as  a rule 
placed  underneath  the  seats.  There  is  no  necessity  to  describe  the  special 
secondary  batteries  designed  for  this  work,  as  they  follow  the  lines  already  dwelt 
upon  in  the  section  on  secondary  batteries.  The  modifications  are  chiefly  in  the 
direction  of  protecting  the  cells  from  rough  usage,  and  much  ingenuity  has  been 
expended  in  endeavouring  to  reduce  the  weight.  It  is  this  last  factor,  the 
weight,  which  constitutes  the  greatest  disadvantage  militating  against  the  rapid 
extension  of  accumulator  traction,  for  could  the  present  dead  weight  of  a 
complete  battery  suitable  for  the  work  be  materially  reduced  without  bringing  in 
new  troubles,  a quick  development  would  certainly  follow.  One  of  the  most 
obvious  methods  of  reducing  the  weight  would  be  to  make  the  lead  frames,  or 
other  conducting  backing  for  the  active  material,  much  lighter,  but  unfortunately  i 
any  serious  reduction  in  the  mass  of  the  backing  now  used  renders  the  plates  1 
liable  to  buckle.  : 

Another  point  that  has  to  be  carefully  borne  in  mind  in  designing  a secondary  | 
battery  for  traction  work  is  that  the  battery  must  be  such  as  to  stand  heavy  | 
discharges  for  short  periods  of  time.  This  is  rendered  necessary  by  the  much 
greater  tractive  effort  which  is  required  to  start  a loaded  car  as  compared  with 
the  power  necessary  to  keep  it  in  steady  motion  when  once  started.  With  tram- 
cars  such  startings  are  fairly  frequent,  and  thus  the  battery  has  to  be  capable  of 
giving  much  greater  power  than  is  required  for  a steady  run. 

The  method  of  working  is  very  simple.  A charging  station  is  erected  in 
some  convenient  position,  and  when  the  battery  on  any  car  is  practically 
exhausted,  the  latter  is  run  into  the  station,  and  the  exhausted  battery  quickly 
removed  on  to  trestles  at  each  side.  In  a similar  way  a fresh  set  of  cells  is  placed 
on  the  car,  and  the  process  of  sliding  the  cells  into  position  completes  the 
necessary  contacts,  and  the  car  is  ready  for  another  trip.  By  good  organisation 
and  appliances  the  process  of  changing  the  cells  can  be  completed  as  expe- 
ditiously as  that  of  changing  horses. 

Motor  Trucks. — For  public  tramcar  purposes,  the  motors  with  the  gear 
connecting  the  armatures  and  the  wheel  axles  are  usually  placed  beneath  the 
car,  mounted  on  a suitable  framework.  The  mechanical  arrangements  will  be 
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understood  from  our  description  (page  691)  of  the  locomotives  used  on  the  City 
and  South  London  Railway,  and  also  from  the  description  (page  680)  of  the 
^V.  P.  motor. 

Telpherage. — Another  method  available  for  the  conveyance  of  goods, 
though  not  for  passengers,  is  that  of  suspending  the  carriages  from  small  wheels 
that  run  on  an  elevated  rail,  called  a Telpher  line,  the  whole  method  being 
called  Telpherage.  The  system  of  Telpherage,  invented  by  the  late  Professor 
Fleeming  Jenkin,  in  conjunction  with  Professors  Ayrton  and  Perry,  has  for  its 
object  the  automatic  electrical  transport,  along  an  overhead  steel  rope  or  rod, 
of  goods,  such  as  minerals,  ores,  slate,  grain,  roots,  manure,  or,  in  general, 
any  goods  easily  divisible  into  parcels  of  from  2 to  5 cwt.,  at  a cost  greatly 
less  than  that  of  cartage,  without  driver,  guard,  signalmen,  or  attendants.  The 
conception  of  propelling  by  electricity  a continuous  stream  of  light  trains  along 
an  elevated  rail  or  rope  was  due  to  the  late  Professor  Fleeming  Jenkin  j 
but,  as  he  stated  in  his  introductory  address  at  the  University  of  Edinburgh, 
he  did  not  see  his  way  to  carry  this  conception  into  practice  until  he  read 
the  account  of  the  electrical  railway  exhibited  by  Professors  Ayrton  and  Perry 
at  the  Royal  Institution,  in  1882,  when  the  idea  of  sub-dividing  the  rubbed 
conductor  into  sections,  and  providing  an  absolute  block  for  automatically  pre- 
venting the  electric  trains  running  into  one  another,  was  first  publicly  described. 
A combination  between  these  three  gentlemen  was  then  effected,  which  led 
ultimately  to  the  formation  of  the  Telpherage  Company,  and  to  the  series  of 
experiments  lasting  for  over  two  years,  on  Telpher  lines  erected  at  Weston,  in 
Hertfordshire,  on  the  estate  of  Mr.  Pryor,  the  chairman  of  the  company. 
Various  devices  were  worked  out,  forming  the  subject  of  patents,  which, 
together  with  the  other  patents  of  Professors  Fleeming  Jenkin,  Ayrton,  and 
Perry  in  Telpherage,  previously  taken  out,  were  possessed  by  the  Telpherage 
Company.  An  opportunity  soon  offered  itself  of  putting  the  merits  of  the 
method  to  an  actual  test.  The  Sussex  Portland  Cement  Company  needed  a 
line  for  a short  distance  at  Glynde,  to  convey  clay  to  the  railway,  and  as,  through 
the  experiments  at  Weston,  matters  had  sufficiently  advanced  for  the  erection  of 
commercial  Telpher  lines,  and  as  a tramway  or  road  would  have  much  interfered 
with  ffie  grazing  and  hay-growing  carried  on  in  the  fields  at  Glynde,  and  as,  in 
addition,  these  fields  are  under  water  during  the  winter,  Telpherage  appeared  to 
furnish  the  cheapest  and  most  suitable  mode  of  transfer.  The  line  is  nearly  a 
mile  long,  and  is  composed  of  a double  set  of  steel  rods,  each  66  feet  long, 
three-quarters  of  an  inch  in  diameter,  and  8 feet  apart,  supported  on  wooden 
posts  standing  about  18  feet  above  the  ground,  as  seen  in  our  illustration 

(Fig.  696),  which  is  from  a photograph  taken  of  the  line  just  before  it  crosses 
the  stream. 

The  principle  of  action  is  very  simple.  There  are  two  lines  of  way,  an  up 
and  a down  line,  supported  on  the  cross-head  of  the  posts.  Each  line  is  in 
pieces,  and  alternate  segments  are  insulated.  The  problem  to  be  solved  is  to 
maintain  adjacent  segments  at  a difference  of  potential,  so  that  a train  touching 
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two  adjacent  pieces  may  receive  a current  which  will  work  a motor.  All  the 
insulated  sections  are  electrically  joined  by  cross-over  pieces  at  the  posts,  and 
all  the  uninsulated  sections  are  similarly  joined.  This  gives  an  electrical  system 
of  conductors  represented  diagrammatically  in  Fig.  697,  where  d represents  a 
dynamo,  by  which  the  two  long  conductors  are  maintained  permanently  at 
different  potentials,  as  indicated  by  the  signs  -h  and  — of  each  section.  The 


Fig.  696.  — Glynde  Telpherage  Line. 
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Fig.  697. — Principle  of  the  Line. 


wheels  l and  t,  insulated  from  their  trucks,  are  joined  by  a conductor  which 
passes  through  a motor  m.  A current  consequently  passes  from  a + section  to 
a - section  whenever  the  train  l t bridges  over  two  sections ; and  this  will 
always  be  the  case  except  when,  for  a short  length  of  about  three  inches,  the 
wheels  rest  on  an  insulated  gap-piece  on  the  saddle  of  the  posts.  The  current 
flowing  round  the  motor  drives  a shaft  at  a very  high  rate  of  speed;  1,600 
revolutions  per  minute  was  the  normal  rate  adopted  for  the  line  at  Glynde.  This 
shaft  is  connected  by  suitable  gearing  to  the  driving  wheels  of  the  locomotive, 
which  hauls  along  the  train  at  a speed  of  about  four  miles  per  hour.  1 he  train 
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consists  of  a series  of  trucks,  evenly  and  somewhat  widely  spaced,  so  as  to 
distribute  the  load  uniformly  along  the  suspended  rods.  The  train  is  of 
the  length  of  one  span  or  two  spans,  consisting  usually  of  a locomotive  with  five 
trucks  in  the  first  case,  and  a locomotive  with  ten  trucks  in  the  second  case. 
This  arrangement  is  used  to  neutralise  the  effect  of  the  sag  in  the  line  as  a 
resistance  to  the  motion  of  the  train.  The  initial  source  of  power  is  the  Ruston 
and  Proctor  engine,  formerly  used  in  the  Weston  experiments,  and  controlled  by 
a Willan  electric  governor;  this  drives  a Crompton  6 “unit”  shunt -wound 
dynamo,  d in  Fig.  615.  The  maximum  difference  of  potential  is  190  volts;  the 
current  for  one  train  is  8 amperes,  two  trains  need  16  amperes,  and  so  on. 

The  next  point  of  interest  to  be  noticed  is  the  behaviour  of  the  motor  at 
different  parts  of  the  line.  The  motors  will  not  receive  equal  currents  at  various 
parts  of  the  line.  They  will  not,  therefore,  unless  otherwise  governed,  develop 
equal  horse-power.  The  current  flowing  through  each  motor  depends  on  three 
quantities  : a,  the  electro-motive  force  between  its  terminals  supplied  by  the 
line ; b,  the  back  electro-motive  force  due  to  the  motor  itself  when  running ; and 
R,  the  resistance  of  the  motor.  Let  the  current  through  the  motor  be  called  c, 
then 
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At  different  parts  of  the  line  a will  vary,  and  even  at  one  part  of  the  line  a 
will  not  be  constant  unless  the  currents  in  the  line  are  constant,  b is  nothing 
when  the  train  is  at  rest,  and  increases  as  the  speed  increases. 

If  the  normal  current  be  just  enough  to  drive  the  train,  we  shall  have  too 
little  at  the  far  end  and  too  much  at  the  near  end.  There  are  two  ways  of 
dealing  with  this  difficulty.  As  we  have  said,  b (the  back  e.  m.  f.  of  the  motor) 
IS  only  constant  when  the  speed  is  constant,  but  if  the  train  be  allowed  to 
slacken  speed  b.  falls  off.  A larger  current  will  then  flow  through  the  motor 
increasing  the  couple  exerted  by  that  motor.  Conversely,  if  the  speed  of  the 
tram  is  allowed^  to  increase,  the  value  of  b also  increases  in  almost  direct 
proportion  ; the  current  through  the  motor  would  diminish,  and  the  effort  made 
by  the  motor  would  also  diminish.  If,  therefore,  the  mechanical  resistance  of 
the  several  trains  were  constant,  and  the  current  allowed  to  distribute  itself 
subject  to  no  specul  regulation,  the  near  trains  would  run  a little  faster  and 
the  far  trains  a little  slower.  But  we  have  in  addition  to  provide  for  very 
unequal  mechanical  resistance  to  the  haulage  of  the  train  at  different  parts 
of  the  line-the  train  may  be  running  up-hill,  down-hill,  or  on  a level,  and 

all  varying  gradients  must  be  provided  for  if  we  are  to  work  the  trains 
automatically. 

This  automatic  governing  of  the  speed  of  the  trains  is  effected  in  two  ways— 

circuit  .nn’"  interrupts  the  electric 

brake\^h  rh  secondly,  there  is  a 

brake  which  comes  into  action  if  the  speed  increases  still  further. 
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It  is  the  duty  of  the  governor,  shown  in  Fig.  698,  to  distribute  the  power  so 
as  to  solve  this  problem.  The  e.  m.  f.  produced  by  the  dynamo  is  made 
ample  to  provide  a normal  current  through  all  the  motors,  which,  if  it  flowed 
continuously,  would  do  more  than  the  necessary  work  at  the  normal  speed 
of  the  motor.  The  governor  cuts  off  the  current  from  the  motor  for  larger 
or  shorter  recurrent  intervals  according  as  more  or  less  work  is  required.  Thus 
on  a moderate  upward  incline  the  current  will  be  on  for  the  whole  time ; on 
a steep  downward  incline  it  will  be  wholly  cut  off ; on  a level  it  will  be  on  for, 
say,  half  the  time,  being  taken  on  and  off,  say,  five  times  per  minute,  for  six 
seconds  on  each  occasion.  In  this  way  the  power  received  can  be  exactly 
fitted  to  the  work  required.  This  result  is  obtained  by  constructing  the  governor 


so  that  the  diverging  weights  w w are  in  unstable  equilibrium  between  two  stops 
— flying  out  at  about  1,7  5°  revolutions  per  minute,  and  flying  back  at  about 
1,650.  This  is  necessary  to  insure  a sudden  break  of  considerable  magnitude 
in  the  electric  circuit,  to  prevent  the  formation  of  a permanent  electric  arc  when 
the  circuit  is  broken.  When  the  circuit  is  closed  the  current  is  conveyed  across 
the  metallic  contact  at  c.  When  the  weights  fly  out  this  contact  is  first  broken, 
but  no  flash  occurs  because  a connection  of  small  resistance  is  maintained  at  a 
for  a short  time  between  two  pieces  of  carbon,  or  between  a rod  of  carbon  and  a 
rod  of  iron,  by  the  rod  which  fits  into  the  tube  at  the  bottom  of  the  apparatus 
being  pressed  outwards  by  a spring,  and  so  made  to  follow  the  rod,  which  is 
attached  to  the  moving  arm,  for  a short  distance,  as  the  arm  flies  out  into  the 
dotted  position.  This  contact  at  a is  next  broken,  with  the  result  of  producing 
a brilliant  electric  arc  for  a fraction  of  a second,  which  is  harmlessly  employed  in 


Telpherage. 


705 


very  slowly  consuming  the  carbon  rod.  This  method  of  regulating  the  power 
has  been  experimentally  tested  with  complete  success. 

The  brake  is  shown  in  Fig.  699.  It  is  simply  a pair  of  weights  w w,  which, 
at  the  limiting  speed,  press  wooden  brake  blocks  b b against  a fixed  rim  c with 
sufficient  force  to  produce  the  required  friction.  At  lower  speeds  the  springs 
s s hold  the  blocks  away  from  the  rim.  Very  light  diverging  weights  are  suffi- 
cient, owing  to  the  high  speed. 

It  is  claimed  that  the  Telpher  line  will  find  its  application  in  all  cases  where 
the  traffic  is  sufficient  to  pay  interest  on  a small  outlay,  and  is  insufficient  to  pay 
for  the  construction  of  even  the  cheapest  form  of  railway.  By  employing  electricity 
the  following  advantages 
are  gained  : The  road  is 
simpler  and  cheaper,  as 
there  are  no  pulleys  or 
working  parts,  and  no  se- 
cond rope  is  required ; the 
maintenance  is  cheaper ; 
there  is  nothing  to  oil,  and 
no  working  parts  to  wear 
out;  the  direction  of  the 
electrical  road  can  be 
changed  as  often  as  is 
desirable,  so  as  to  follow 
a winding  direction,  an 
object  difficult  of  attain- 
ment even  to  a moderate 
extent  with  rope  haulage  ; 
the  gradients  in  the  elec- 
trical road  may  be  as  heavy 
as  one  in  eight,  and  these 
gradients  may  vary  as  fre- 
quently as  is  desired,  which 

is  not  possible,  except  with  699.— The  Brake. 


complicated  arrangements, 

m rope  haulage ; finally,  the  power  required  will  be  less,  except  in  the  simplest 
cases  of  rope  haulage.  In  addition,  the  electric  power  can  easily  be  “ tapped  ” 
along  the  line,  and  used  for  working  agricultural  or  other  machinery 
simultaneously  with  the  propulsion  of  the  Telpher  trains. 

As  comp^ed  with  light  steam  railways,  the  Telpher  lines  have  the  following 
e Jd"  cheaper,  requiring  less  metal  than  the  lightest  rails.  No 

required.  No  land  need  be 
purchased.  Much  sharper  curves  can  be  employed.  No  attendant  is  required 

a farm  will  not  materially 
interfere  with  the  cultivation  of  the  land.  ^ 


»M«1; 
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A Parcels  Railway. — It  has  been  proposed  to  use  small  electric  railways 
for  the  conveying  of  letters  in  large  towns ; they  would  take  the  place  of  the 
pneumatic  letter-post,  and  would  be  considerably  less  expensive  than  the  latter. 


Fig.  700. — The  Electric  Letter-Post. 


The  pneumatic  post  in  Paris,  for  instance,  requires  120  horse-power,  while  it 
is  thought  that  1 2 horse-power  would  be  sufficient  for  an  electric  installation. 
A.  letter-post,  as  devised  by  Siemens,  is  shown  in  Fig.  700.  The  electro- 


Fig-  701- — A.*'  Electric  Launch. 


locomotive  is  a frame  on  wheels,  which  carries  a very  small  Siemens  machine, 
of  ordinary  construction.  The  current  from  the  generator 
rail  to  the  wheel  of  this  locomotive,  then  through  the  motor,  and  back  b> 
other  rail.  The  idea  has  recently  been  revived  by  Mr.  Bennett. 
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Electric  Launches. — For  the  propulsion  of 
small  launches,  especially  when  used  for  pleasure  ex- 
cursions, electricity  is  unrivalled.  As  compared  with 
a steam  launch,  there  is  in  an  electric  launch  an 
entire  absence  of  dirt,  noise,  heat,  and  smell,  and 
the  deck  is  free  and  clear  for  the  use  of  the  pas- 
sengers. The  only  drawback  is  that  since  the  energy 
used  is  stored  in  secondary  batteries,  these  have  to  be 
re-charged  after  every  ten  or  twelve  hours’  run,  and, 
therefore,  unless  a charging  current  is  available,  the 
launch  is  disabled.  But  this  drawback  is  not  now  felt 
on  the  upper  waters  of  the  Thames,  the  queen  of 
English  pleasure  rivers,  because  charging  stations  have 
been  placed  at  convenient  intervals  along  the  banks. 

The  appearance  of  an  electric  launch  (Fig.  701) 
only  differs  from  that  of  an  ordinary  launch  in  the 
absence  of  any  visible  means  of  propulsion.  The 
batteries  in  which  the  energy  is  stored,  and  the  motor 
and  propeller,  are  all  out  of  sight,  and  to  the  un- 
initiated the  movements  of  the  little  vessel  must  seem 
wrapped  in  mystery.  The 
position  of  the  batteries  and 
propelling  machinery  in  one 
of  the  early  launches  of  the 
Electrical  Power  Storage  Co. 
is  shown  in  Figs.  702  and 
703,  which  are  respectively 
longitudinal  and  midship  sec- 
tions. There  were  in  all  66 
secondary  cells,  each  con- 
taining 23  plates,  stowed 

away  under  the  seats  and  floor  of  the  launch.  Tlie 
motor  was  placed  on  a level  with  the  lowest  cells,  and 
had  the  screw  shaft  coupled  directly  to  it.  The 
switches  for  closing  the  circuit,  and  regulating  and 
reversing  the  current,  were  placed  within  reach  and 
under  the  control  of  the  coxswain,  who  thus  had 
complete  command  of  the  boat.  The  regulating 
switch  was  arranged  to  place  the  batteries  either  in 
series  giving  18  amperes  at  30  volts,  or  in  two 
parallels  giving  36  amperes  at  16  volts.  The  screw 
had  a pitch  of  24  inches,  and  at  full  speed  the  motor 
ran  at  500  revolutions  per  minute,  and  propelled  the 
launch  at  the  rate  of  ii|-  miles  per  hour. 


7°3- — Midship  Section 
of  Launch. 
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ELECTRICITY  IN  MINING. 

In  most  mining  and  tunnelling  operations  the  possession  of  a source  of 
mechanical  power  which  can  be  utilised  at  any  part  of  extensive  workings  is  a 
great  advantage,  and,  indeed,  sometimes  an  absolute  necessity  if  the  mining  is 
to  be  commercially  successful.  This  necessity  has  led  to  the  elaboration  for 
such  purposes  of  various  systems  of  transmitting  the  power  from  the  pit’s  mouth 
to  the  place  where  it  is  required.  Of  these,  the  chief  have  used  either  com- 
pressed air,  hydraulic  power,  or  steam,  for  the  medium  of  transmission.  Of  recent 
years,  however,  the  manifest  advantages  of  electricity  over  any  of  these  have  been 


Fig.  704. — Electric  Transmission  of  Power  in  a Mine.  ■’j 

borne  in  on  mining  engineers,  and  its  use  is  now  extending  very  rapidly.  In  ^ 
flexibility,  a properly  devised  electric  system  of  transmission  is  equal  to  the  best  ^ 
of  the  others,  whilst  it  is  more  efficient,  cheaper,  and  less  liable  to  break-down.  C] 
The  main  details  of  a system  designed  by  Mr.  Albion  T.  Snell,  and  well 
adapted  for  mining  requirements  in  these  islands,  are  shown  diagrammatically  in 
Fig.  704.  The  diagram  represents  a vertical  section  of  part  of  a mine,  and  the  , 
electric  system  of  distribution  adopted  is  a medium  potential  parallel  system, 
with  constant-current  transformers.  The  feeding  mains  run  from  the  dynamo®, 
house  A to  various  feeding  or  distributing  points  b at  convenient  centres,  c c are  | 
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hauling  motors  placed  in  parallel  on  the  distributing  mains  with  pumping  motor 
F F.  Since  for  working  the  rock-drills  and  coal-cutters  at  the  face  of  the  shafts 
a much  less  p.d.  is  required  than  that  taken  by  the  above  heavily  loaded  motors, 
a motor-dynamo  (see  page  708)  is  placed  at  e,  from  the  secondary  commutator 
of  which  currents  are  led  off  to  a low-pressure  parallel  distributing  system,  from 
which  the  various  drills  and  coal-cutters  are  worked.  The  “ stars  ” are  intended 
to  indicate  either  single  glow  lamps,  or  groups  of  glow  lamps  placed  across  the 
mains,  and  an  arc  lamp  is  shown  at  the  pit-head.  The  p.d.  of  the  main  feeders 
may  be  as  high  as  500  or  750  volts,  in  which  case  a fair  amount  of  power  can  be 
very  economically  transmitted. 

One  objection  usually  urged  against  the  use  of  electricity  in  mines  is,  that 
however  well  the  working  parts  of  the  motors  and  lamps  may  be  protected  so 


70S- — Safely  Mining  Cable  (Main  Conductor  broken). 


that  sparks  from  them  cannot  ignite  fiery  gases,  still,  if  any  accident  happens 
and  a conductor  is  broken,  the  spark  at  break  may  cause  an  explosion.  Such  an 
accident  might  happen  if,  for  instance,  a part  of  a roof  fell  in.  To  meet  this 
objection,  Mr.  L.  B.  Atkinson  has  designed  the  “Safety  Mining  Cable”  shown 
in  Fig.  705.  This  consists  of  an  inner  conductor  of  four  comparatively  fine 
copper  wires  wound  into  a close  spiral  and  lightly  insulated.  Outside  these  are 
the  heavy  stranded  wires  of  the  main  conductor,  shown  as  broken  apart  in  the 
figure.  Surrounding  the  latter  wires  is  the  usual  insulating  material,  and 
armour  if  necessary.  The  action  of  the  cable  is  simple.  The  supply  current 
traverses  both  conductors,  which  are  in  parallel,  and  therefore  only  a small 
fraction  passes  through  the  inner  one,  whilst  each  conductor  has  its  own  fuse  in 
circuit  at  the  main  switchboard.  If,  now  the  outer  conductor  be  broken  by  the 
cable  being  torn  asunder,  the  inner  conductor  stretches,  as  shown  in  the 
figure,  without  breaking.  There  is  therefore  no  spaik  at  the  breaking  of  the 
mam  conductor,  since  the  circuit  is  not  interrupted ; but  soon  after  the  fuse  of 
the  inner  conductor  melts  at  the  switchboard  and  the  spark  occurs  there,  where 
It  IS  harmless.  The  melting  of  the  fuse  is  also  made  to  throw  over  the  switch 
and  cut  the  faulty  cable  completely  out  of  circuit. 
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Electric  Coal  Cutters.  — The  use  of  electrical  power  is  especially 
convenient  at  the  working  face  of  a mine  or  tunnel,  because  of  the  flexibility  of 
the  conductors  by  which  the  power  is  brought  to  the  working  tool.  The  tool,  of 
course,  receives  its  energy  from  an  electric  motor  to  which  it  is  geared,  and 


Fig.  706. — Electric  Coal-cutter  at  Work. 


which  is  designed  specially  for  the  work  in  hand.  In  Fig.  706  we  illustrate  an 
electric  coal-cutter  at  work  undercutting  the  coal,  the  particular  arrangement 
being  that  employed  by  Messrs.  Goolden  and  Co.  Light  rails  are  laid  along  the 


Fig.  707.— Goolden’s  Coal-cutting  Machine  (Section). 


face  of  the  coal,  and  an  electric  motor  with  a cutter-bar  attached,  as  seen  in 
Fig.  706,  is  mounted  on  a trolley.  The  motor  and  cutter-bar  can  be  moved  on 
a turn-table  into  the  dotted  position  (Fig.  706),  and  then  the  cutter-bar,  being 
rapidly  revolved  on  its  axis,  is  slewed  through  an  angle  of  90°,  entering  the  coal 


Fig.  708. — American  Coal-Cutter  driven  by  a Te.sla  Motor. 
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When  the  bar  is  at  right  angles  to  the  face,  the  trolley  is  drawn  slowly  along  by- 
means  of  the  winch,  and  the  coal  is  undercut  as  it  travels.  The  shaft  carrying 
the  cutter  bar  (Fig.  707)  is  below  the  armature  shaft  of  the  motor,  and  is  geared 
to  it  by  double-helical  wheels  w v/.  All  parts  of  the  motor  and  gearing  are 
carefully  covered  in  with  dust-tight  casing,  so  as  to  protect  them  from  the  grit 
and  dust  so  prevalent  in  mining  work.  Several  forms  of  cutter-bars  have  been 
designed  \ the  one  used  by  Messrs.  Goolden  and  Co.  is  shown  in  Fig.  709.  It 
consists  of  a long  bar,  either  taper  or  parallel,  in  which  holes  are  drilled  to 
receive  the  cutters,  which  are  of  the  shape  shown  at  the  side.  For  fairly  hard 
coal  the  bar  is  rotated  at  a speed  of  from  400  to  500  revolutions  per  minute, 
and  it  can  then  cut  from  20  to  30  yards  per  hour,  and  in  a soft  coal  as  much  as  a 
yard  per  minute. 

An  entirely  different  kind  of  coal-cutting  machine,  used  at  Pittsburg, 
Pennsylvania,  is  shown  at  work  in  Fig.  708.  In  this  case  the  motor  and  the 
coal-cutter,  though  mounted  on  the  same  frame,  are  distinct,  and  the  latter  is 
driven  by  a belt  from  the  former.  The  cutters  consist  of  a set  of  gang  bits  or 


Fig.  709.— Goolden’s  Cutter-Bar. 


augers  which  bore  right  into  the  face  of  the  coal,  being  fed  forward  by  the 
machine.  When  they  have  cut  to  the  full  depth  of  42  inches  the  machine  is 
moved  along  to  cut  another  series  of  holes.  Four  series  of  cuts,  each  36  inches 
wide,  are  made  in  an  hour.  The  motor  used  is  a Tesla  Alternate-current  motor, 
and  will  be  described  later  on. 

Tunnelling. — In  driving  tunnels  in  mountainous  districts,  water-power  is 
frequently  available  and  can  be  used  to  work  the  electric  generators. 

During  the  construction  of  the  St.  Gothard  Tunnel,  the  fall  of  the  river 
Reuss  was  utilised  in  the  following  way ; About  a hundred  paces  from  the  mouth 
of  the  tunnel  at  Goschenen,  turbines  of  1,000  to  1,200  horse-power  were  worked 
for  compressing  air,  which  was  conducted  through  a system  of  pipes,  prolonged 
as  the  work  advanced,  to  the  boring  machine.  The  greater  the  distance  at 
which  the  borer  operated,  the  less  the  yield  of  energy  by  the  condensers.  The 
reservoir  of  air  compressed  to  seven  atmospheres’  pressure  returned  70  per  cent 
of  the  energy  expended  on  it : a locomotive  worked  with  compressed  air 
returned  23  percent;  but  the  boring  machine  returned  only  from  4 to  8 per 
cent,  of  the  energy. 

Boring  machines  may  be  divided  into  percussion  machines  and  rotating 
machines.  A machine  on  the  first  principle,  worked  by  electricity,  has  been 
constructed  by  Siemens,  and  a rotating  boring  machine  has  been  constructed  by 
Taverdon. 


Fig.  710.— Tavcrdon’s  Kock-Borer. 
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Taverdon’s  Electric  Rock-borer. — For  borings  in  hard  rocks,  by 
rotating  drills,  as  a rule,  diamonds  are  fixed  in  the  borer,  because  steel  points 
are  not  sufiiciently  durable.  Leschot’s  front  piece,  for  instance,  consists  of  an 
iron  tube  having  eight  black  diamonds,  of  which  there  are  four  fastened  to  the 
inside  and  four  to  the  outside.  Taverdon  solders  the  diamonds,  and  coats  them 
with  a layer  of  copper  for  the  purpose.  The  borer  is  worked  by  electricity,  as 
shown  in  Fig.  710.  The  boring  machine  and  the  motor  are  arranged  upon 
separate  frames  on  wheels.  The  borer  is  fastened  to  a nozzle,  which  can  be 
moved  along  the  bar  to  which  it  is  fastened.  The  front  piece  is  made  to  rotate 
by  means  of  pulleys,  and  as  motor  a Gramme  machine  is  used,  which  has  also 
to  work  a pump.  Upon  the  same  frame  a vessel  is  placed  which  conveys  water 
under  pressure  to  the  holes  in  order  to  wash  away  the  loose  sand. 


OTHER  APPLICATIONS  OF  THE  ELECTRIC  TRANSMISSION 

OF  POWER. 

Electric  Lifts. — The  electric  transmission  of  power  is  of  great  advantage 
for  lifts.,  cranes,  etc.  In  illustration  of  this,  Uppenborn  points  out  that  at  the 
Central  Station,  Hanover,  there  are  several  hydraulic  lifts,  each  of  which  requires 
no  more  than  2 h.p.  For  charging  the  hydraulic  accumulators  a 40  h.p. 
steam-pump,  however,  is  required.  As  a rule,  only  two  lifts  are  used  at  a time. 
If  electric  lifts,  instead  of  the  hydraulic  lifts,  had  been  chosen,  a 6 h.p.  steam-  or 
gas-engine  would  have  sufficed,  and  the  apparatus  and  working  would  have  cost 
considerably  lesi  Similarly,  Hospitaller  pointed  out  that  by  using  hydraulic 
pressure  for  the  working  of  cranes,  there  are  certain  disadvantages  which  might 
be  avoided  by  using  electricity.  At  Marseilles,  for  instance,  a steam-engine 
pumps  water  under  a pressure  of  5 5 atmospheres  into  a reservoir,  from  which  the 
several  cranes  are  fed,  causing  a loss  of  about  50  per  cent,  of  energy,  due  to 
friction,  leakage,  etc.  This  loss,  however,  may  increase  to  80  per  cent.,  as 
shown  in  the  following  case ; — If  a crane,  whose  maximum  strength  is  4,000 
pounds,  has  to  lift  this  weight  12  feet  high,  the  water  pressure  used  will 
correspond  to  a work  effect  of  4,000  x 12=48,000  foot-pounds ; but  if  the  crane 
has  to  lift  only  i.ooo  pounds,  the  work  effect  will  be  1,000  x 12=  12,000  foot- 
pounds. But  whatever  the  weight  lifted  may  be,  the  construction  of  the 
hydraulic  lift  requires  the  use  of  the  same  quantity  of  water  for  the  same 
elevation.  In  both  cases  the  same  quantity  of  water  is  required  under  the 
same  pressure,  and  therefore,  assuming  50  per  cent,  to  be  lost  in  overcoming 
friction  and  other  resistances  in  the  second  case,  less  than  12^  per  cent,  of  the 
original  energy  has  been  utilised.  Now  an  electric  motor  makes  demands  on 
the  source  that  supplies  it  in  proportion  only  to  the  work  it  is  called  on  to  perform. 
By  using  electricity,  the  motor  reacts  upon  the  generator  by  producing  opposing 
E.  M.  F.s,  and  if  the  motor  has  to  do  less  work  it  will  rotate  more  quickly,  and 
generate  a more  powerful  opposing  e.  m.  f.  The  current  in  the  circuit  therefore 
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diminishes,  and  the  generator  requires  less  expenditure  of  energy.  The  reverse 
takes  place  when  the  motor  has  to  do  considerable  work. 

Hospitaller  concludes  that  to  realise 
the  idea  we  have  only  to  consider  how 
to  produce  the  current  for  the  purpose, 
and  how  to  convey  the  current  to  a 
number  of  the  branches,  so  that  the 
currents  that  traverse  the  different 
branches  may  vary  with  the  require- 
ments of  the  machines  that  are  included 
in  them.  With  modern  electric  motors 
properly  designed,  this  is  no  longer 
difficult.  A lift  was  exhibited  for  the 
first  time  at  Mannheim,  in  1880,  by 
the  firm  of  Siemens  and  Halske ; and 
a second  lift  was  worked  during  the 
Exhibition  at  Paris  in  1881.  Under- 
neath the  lift,  which  is  intended  for 
carrying  persons,  is  an  electro-motor  A, 

Fig.  7 1 1,  the  axis  of  rotation  of  which 
is  placed  vertically,  and  has  an  endless 
screw  on  one  side,  by  means  of  which 
the  wheels  b b'  and  c c'  are  set  in 
motion.  The  teeth  of  the  latter  catch 
into  the  cross-pieces  of  the  ladder  d d. 

E e'  are  guiding  pulleys,  connected  with 
the  commutator  by  means  of  a lever, 
so  arranged  that  the  current  can  be 
caused  to  flow  through  the  motor  in 
either  direction,  or  may  be  entirely 
- interrupted,  p p are  counter-weights, 
which  slide  along  the  guiding  bars  G H. 

The  wire  ropes  to  which  these  counter- 
weights are  fastened  also  convey  the  cur- 
rent. The  lift  is  prevented  by  mechanical 
contrivances  from  rushing  suddenly  up 
or  down,  even  if  the  ropes  should  break 
or  the  current  be  interrupted. 

Fig.  712  represents  an  elevator  used 
in  the  Sugar  Factory  of  Sermaize,  in  the 

Department  of  Marne.  The  engineers,  Chretien  and  Felix,  apiDlied  the  electric 
transmission  of  power,  by  utilising  an  almost  unused  steam-engine  and  the 
machines  for  lighting.  The  greater  portion  of  the  beetroot  consumed  in  this 
establishment  is  unloaded  at  the  harbour  of  Sermaize,  about  100  yards  from 


Fig.  71 1. — Electric  Lift. 


Fig.  712.  — Klectric  Elevator  at  .Sermaize  Factory. 
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the  factory.  Formerly  the  unloading  was  done  by  hand,  but  for  several  years 
the  electric  elevator  has  been  made  use  of,  and  has  effected  a saving  of  about 
40  per  cent.  The  elevator  represents  a kind  of  dredging  engine,  shown  in  the 
figure.  For  the  motion  of  the  drums  and  chains  two  Gramme  machines  are 
used,  of  which  one,  the  generator,  is  placed  at  the  factory,  and  driven  by  the 
steam-engine  j and  the  other,  the  motor,  is  fastened  to  the  framework  of  the 
elevator. 

In  Fig.  713  we  illustrate  a more  recently  designed  travelling  crane  made  by 
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This  pulley  transmits  the  power  to  any  one  (or  to  all  simultaneously)  of  three 
sets  of  bevel  and  spur  wheels,  which  are  thrown  into  gear  by  suitable  levers  and 
hand-wheels  which  can  easily  be  manipulated  by  a single  attendant  standing  on 
the  platform.  The  brake  on  the  shaft  of  the  hoisting  drum  is,  as  usual,  worked 
by  the  foot-lever  which  can  be  seen  just  in  front  of  the  machinery. 

When  the  crane  is  lifting  at  a speed  of  loo  to  120  feet  per  minute,  the 
electric  motor,  which  is  designed  to  run  at  a constant  pressure  of  100  volts, 
takes  a current  which  varies  with  the  load.  Thus,  with  a load  of  896  lbs. 
experiment  shows  that  a current  of  40  amperes  is  required,  whilst  for  a load  of 
1,736  lbs.,  which  is  nearly  double  that  of  the  other,  only  60  amperes  has 
to  be  supplied. 

The  Electric  Plough. — Electric  motors  have  also  been  used  for  working 


Fig.  714. — Electric  Plough. 


an  electrit  plough.  Two  Gramme  machines  are  placed  upon  frames  on  wheels, 
one  frame  being  placed  at  one  end  of  the  field,  the  other  frame  at  the  other  end. 
By  means  of  wire  ropes  winding  and  unwinding  round  drums  the  plough  is  drawn 
across  the  field.  Figs.  714  and  715  represent  these  machines.  Upon  the  iron 
frames  are  the  two  Gramme  machines  G G,  suspended  about  the  horizontal  axes 
a a.  The  rotating  axes  of  the  two  Gramme  machines  carry  friction-discs  at 
their  two  ends,  and  are,  along  with  these  discs,  pressed  against  the  large  friction- 
wheels  R R,  by  means  of  a connecting  rod  f.  The  friction-wheels  r r transmit 
their  rotation  by  means  of  the  wheels  z z to  the  rope-drum  s.  By  adjusting 
conical  wheels,  the  rotation  of  the  Gramme  machines  can  also  be  transmitted  to 
the  wheels  of  the  frame  by  means  of  the  chain  k.  The  rope-drum  in  this  case 
would  not  be  made  to  rotate,  but  the  whole  would  be  made  to  move  in  one  or 
the  other  direction.  The  current  for  the  motors,  placed  upon  the  carriage,  is 
furnished  by  suitable  generators  at  a distance. 
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Electric  Brakes. — Many  proposals  have  been  made  to  use  electric 
currents  for  stopping  railway  trains.  Achard  has  made  the  electric  brake  his 
especial  study,  and  L.  Regray  has  given  detailed  descriptions  of  the  experiments 
made  with  electric  brakes  by  the  French  Eastern  Railway  Company,  in  La 
Lumi'ere  Alectriqne,  1883.  To  convey  an  idea  of  this  application  of  the  currents 
we  will  describe  one  of  the  arrangements.  The  construction  of  the  electro- 
magnet, which  sets  the  brake  in  action,  is  shown  in  Fig.  716.  To  the  axis  c d ^ 
which  moves  in  the  supports  x x,  the  electro-rnagnet,  with  its  pole-pieces//',  is 
fastened  upon  brass  pieces  a and  b.  The  ends  e of  its  coils  pass  through  bores 
in  the  axis  c d to  the  contact-pieces  g g.  A Gramme  machine  is  used  as  the 


Fig.  715. — Electric  Plough. 


source  of  electricity,  and,  together  with  its  motor,  a Brotherhood  machine,  is 
placed  on  the  locomotive.  The  arrangement  and  the  manner  of  working  of  the 
magnet  may  be  seen  from  Fig.  717.  The  supports  x,  in  which  the  magnet  M 
hangs,  in  front  of  the  carriage  axis  a,  are  fastened  to  joints.  When  a current  is 
sent  through  the  magnet  the  pole-pieces  are  powerfully  magnetised,  and  the 
magnet  will  move  towards  the  axis  and  stick  to  it ; the  magnet  will  now  have  to 
rotate,  winding  the  chain  k over  the  pulley  R,  and  causing,  with  the  help  of 
connecting  rods  G G,  the  brakes  b b to  press  against  the  wheels  of  the  carriage. 
By  means  of  springs  the  brakes  can  be  removed  from  the  wheels  when  desired. 


ALTERNATE-CURRENT  TRANSMISSION. 

Alternate-Current  Motors. — A dynamo  generating  alternate  currents 
must  have  either  permanent  field-magnets  of  steel,  or,  if  it  has  electro-magnets, 
these  must  be  excited  by  a continuous  current  from  some  other  source.  There 
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is,  of  course,  a third  case  in  which  part  of  the  current  is  rectified  and  used  to 
excite  the  field-magnets,  but  we  need  not  consider  that  now.  Of  the  first  two 
kinds  of  alternators,  only  the  one  with  permanent  steel  magnets  is  strictly  a self- 
contained,  reversible  machine ; that  is,  will  act  as  a motor  if  supplied  with  an 
alternate  current  of  proper  pressure  and  periodicity.  The  second  will  act  as  a 
motor  if  its  field-magnets  be  separately  excited.  But  both  kinds  of  machines 
have  peculiar  properties  as  motors.  In  the  first  place  they  are  not  self-starting, 
but  must  be  rotated  at  the  proper  speed,  corresponding  to  the  frequency  of  the 


Fig.  716. — Electro-magnet  of  Brake. 


Fig.  717. —Electric  Brake. 


supply  current,  before  being  switched  into  circuit.  Then,  having  once  got  into 
step,  as  it  were,  with  the  alternations  of  the  supply  current,  the  machine  will  run 
in  synchronism  with  the  generator  at  all  loads  up  to  the  limit  of  its  output ; 
if  it  be  loaded  above  this  limit  it  will  stop  dead  and  will  not  again  start  until  it 
is  once  more  rotated  at  nearly  the  full  synchronising  speed.  It  is  therefore 
evident  that  an  ordinary  two-phase  alternate-current  generator  is  not  available  as 
a motor  in  the  same  way  as  an  ordinary  continuous-current  generator  is  available. 

Many  attempts  have  been  made  to  solve  the  problem  of  how  to  construct  an 
alternate-current  motor  which  with  ordinary  two-phase  currents  shall  be  self- 
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starting  and  otherwise  fulfil  the  requirements  necessary  in  a motor  which  has  to 
be  used  under  a great  variety  of  conditions.  As  yet  this  problem  cannot  be  said 
to  have  been  satisfactorily  solved,  but  of  all  the  attempts  the  most  promising  are 
those  which  make  use  of  a rotating  magnetic  field.  Motors  of  this  kind  have 
been  devised  by  Ferraris,  Tesla,  Borel,  and  others ; the  principle  used  will,  how- 
ever, be  better  understood  if  we  describe  an  actual  example. 

A Tesla  motor  of  this  kind  is  represented  diagrammatically  in  Figs.  718  and 
7 1 9.  Fig.  7 1 8 is  an  end  elevation,  and  Fig.  7 1 9 is  a longitudinal  elevation  partly  in 
section.  The  frame  a which  forms  the  field-magnets  is  built  up  of  sheets  of  iron 
stamped  out  to  the  required  shape  and  bolted  together  with  slight  insulation  between 
them.  The  magnet  has  eight  poles  projecting  inwards,  four  b b b b at  one  end 
of  the  armature  and  four  c c c c at  the  other.  The  terminals  of  the  motors  are 
at  and  Tg,  and  the  field-magnet  coils,  of  which  there  is  one  on  each  polar 
projection,  are  joined  up  in  two  parallel  groups  between  these  points,  each  group 


Fig.  718.— Tesla’s  Alternate-Current  Motor. 


Fig-  719' — Part  Section  of  Tesla’s  Motor. 


being  formed  of  all  the  poles  at  one  end  of  the  armature.  The  coils  are  so 
wound  that  if  a steady  current  were  sent  from  to  the  poles  of  each  group 
would  be  alternately  N and  S,  and  thus,  if  both  groups  are  considered,  two  N’s 
are  followed  by  two  S’s  and  so  on.  The  inner  poles  of  the  c group  are  joined 
by  light  iron  connectors,  which  are  not  used  on  the  poles  of  the  b group.  The 
effect  of  these  connecting  pieces,  which  become  saturated  before  the  current 
reaches  its  full  value,  is  to  increase  the  self-induction  at  the  starting  of  a current 
in  the  c group  as  compared  with  the  self-induction  of  the  b group,  and  thus  to 
retard  the  starting  or  the  falling  of  the  current.  If,  therefore,  alternate  currents 
are  supplied  to  and  Xg,  the  polarity  of  the  b poles  rises  more  rapidly  than 
that  of  the  c poles,  but  the  latter  persists  longer.  The  result  is  that  four  effective 
poles,  two  N and  two  S,  follow  one  another  round  and  round  the  periphery  of  the 
armature. 

The  armature  used  with  such  a rotating  field  is  quite  different  to  any  we  have 
hitherto  described.  No  currents  are  supplied  to  it,  but  its  rotation  is  brought 
a out  by  the  reaction  of  currents  induced  in  it  by  the  currents  in  the  field- 
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magnets.  If  a solid  mass  of  metal  occupied  the  place  of  the  armature,  eddy 
currents  would  be  produced  in  it  which  would  tend  to  set  it  in  motion,  as  in  the 
converse  of  Arago’s  classical  experiment  (page  i88)  with  the  copper  disc  and 
magnet.  Such  eddy  currents  would,  however,  lead  to  the  generation  of  a great 
amount  of  wasteful  heat,  and  therefore  it  is  better  to  provide  a properly 
laminated  iron  core  wound  with  closed  circuits  of  copper  wire,  so  arranged  that 
the  currents  induced  in  them  will  cause  the  maximum  torque.  In  this  way  the 
poles  in  the  iron  armature  core  set  up  by  the  induced  currents  in  the  copper 
coils  may  be  regarded  as  trying  always  to  catch  up  the  rotating  poles  of  the  field- 
magnets,  and  thus  the  armature  is  made  to  spin. 

A much  more  satisfactory  way  of  producing  the  rotating  field  which  is  such 
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Fig.  720. — Ditigram  of  Three-phase  Transmission. 


an  essential  feature  of  the  above  class  of  motors,  is  to  use  the  polyphase  currents 
of  the  generation  of  which  particulars  are  given  on  pages  371  to  375.  Three- 
phase  currents  are  the  simplest,  and  we  shall  confine  our  remarks  to  them. 

Three-phase  Transmission.— A diagrammatic  representation,  due  to 
Dr.  S.  P.  Thompson,  of  three-phase  transmission  of  power  is  given  in  Fig.  720. 
The  generator  is  represented  as  a simple  Gramme  ring  with  a permanent  bar- 
magnet  rotating  inside  it.  The  connections  are  of  the  “ mesh  ” form  described 
on  page  373,  and  the  character  of  the  currents  generated  will  be  understood 
from  the  previous  description.  The  motor  has  a precisely  similar  Gramme  ring, 
to  three  equidistant  points  on  which  the  wires  from  the  generator  are  connected 
The  currents  in  the  three  sections  P,  Q and  R of  the  motor  will  reach  th^ 
maxima  at  successive  moments  of  time,  differing  from  one  another  by  one-thi 
of  a period.  Consequently,  their  resultant  magnetising  effect  on  the  iron  of  the 
ring  will  be  such  that  a pair  of  magnetic  poles  will  travel  round  and  round  at 
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the  same  speed  as  n s,  the  magnet  in  the  generator.  The  armature  inside  this 
rotatory  pole-magnet  is  represented  as  wound  with  four  separate  closed  circuits, 
the  end  connections  of  which  are  in  the  form  of  equilateral  triangles.  Such 
motors  have  been  built  by  Tesla ; one  standard  size  is  a 7 horse-power  motor, 
having  an  efficiency  of  85  per  cent,  and  weighing  340  lbs.  ^ 

Lauffen-Frankfort  Transmission. — By  far  the  most  important  trial  of 
three-phase  transmission  was  made  at  the  Frankfort  Electrical  Exhibition  in  the 
autumn  of  1891.  The  source  of  energy  was  the  falls  of  the  Rhine  at  Lauffen, 

1 10  miles  from  Frankfort.  Here  a Brown  three-phase  alternator  (Fig.  359) 
was  driven  by  a 300  horse-power  turbine.  From  the  dynamo  the  currents  were 
led  to  three  transformers,  where  the  pressure  was  increased  in  the  ratio  of  160  to  i 
before  the  current  was  passed  on  to  the  line  wires.  The  arrangement  of  the 
circuits  at  the  generating  end  is  shown  diagrammatically  in  Fig.  721,  due  to  Mr. 
Gisbert  Kapp.  Here  G represents  the  generator  with  the  “star”  (page  372) 
connected  windings  o i.,  o ii.,  o iii.  j the  three  conductors  from  the  generator 
are  each  led  through  an  ammeter  a,  a relay-magnet  R,  and  a fuse  f,  to  three  trans- 
former coils  at  T.  The  other  ends  of  the  low-pressure  coils  of  the  transformers  T 
have  a common  junction,  o,  which  is  joined  to  earth  and  the  common  junction  o 
of  the  coils  of  the  generator  G.  A voltmeter,  v,  is  placed  between  each  low- 
pressure  conductor  and  the  earth.  The  secondary  coils  i,  2,  3,  of  the  trans- 
formers are  represented  by  dotted  lines  ; three  of  their  terminals  have  a common 
junction,  <?,  which  is  connected  to  the  common  junction  of  the  low-pressure 
coils  through  a fuse,  Fq.  The  other  high-pressure  terminals  are  joined  to  the 
transmitting  wires  through  fuses  F;^,  Fj,  F3.  These  last  wires  consist  of  hard- 
drawn  copper  o‘i6  inch  in  diameter,  supported  on  oil-insulators  in  the  same 
way  as  an  ordinary  telegraph  line.  The  p.  d.  between  any  line  and  earth  was 
at  first  about  8,000  volts,  and  between  any  two-line  wires  nearly  14,000  volts; 
but  in  the  final  experiments  this  latter  p.  d.  was  raised  to  30,000  volts.  The 
function  of  the  relays  R^,  Rg,  R3,  is  to  cut  off  the  field-magnet  exciting  current 
from  the.  generator  if  the  current  in  any  branch  of  the  low-pressure  circuit 
either  exceeds  a certain  maximum  or  falls  below  a certain  minimum.  The 
earthing  of  the  common  junctions  of  the  generator  and  of  the  high-  and  low- 
pressure  coils  of  the  transformers  makes  the  earth  the  electrical  centre  of  the 
system,  and  prevents  any  serious  accident  should  one  of  the  line  wires  break  and 
fall  to  the  ground. 

The  connections  for  the  power  station  at  the  Frankfort  end  are  sho^vn  in 
Fig.  722.  The  line  wires  i,  2,  3,  are  connected  to  the  high-pressure  coils  of 
three  transformers,  whose  low-pressure  coils  are  joined  to  the  field-magnets  of  a 
three-phase  motor.  This  motor  is  represented  diagrammatically  as  consisting  of 
two  three-pointed  “ stars  ” with  their  common  junctions  connected  at  o.  The 
two  sets  of  “ star  ” windings  do  not,  of  course,  retain  the  same  relative  position 
when  the  motor  is  working,  as  otherwise  the  armature  coils  would  not  cut  any 
magnetic  lines,  and  thus  neither  e.  m.  f.  nor  current  would  be  set  up  in  them. 
It  will  be  remembered  that  the  armature  is  only  traversed  by  induced  currents. 
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I'ig.  722.—  LaufTen-Frankfort  Transmission  ; Power  Circuits  at  Frankfort. 
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The  free  ends  of  the  armature  coils,  instead  of  being  directly  connected,  are 
brought  to  three  adjustable  liquid  resistances,  Bj,  Bj,  and  Bg,  consisting  of  iron 
vessels  containing  alkaline  solutions,  into  which  the  iron  plates  a can  be  lowered. 
At  starting  the  iron  plates  are  drawn  nearly  out,  but  as  the  armature  gets  up 
speed  and  its  induced  e.  m.  f.  falls,  the  plates  are  lowered  until  at  full  speed  the 
armature  coils  are  short-circuited.  In  this  way  the  enormous  rush  of  current 
which  would  occur  in  short-circuited  coils  if  the  armature  were  standing  still  is 
avoided.  The  motor  has  at  full  load  an  output  of  about  100  horse-power,  and 
was  designed  specially  for  these  experiments  by  Herr  von  Dolivo-Dobrowolsky. 

The  results  of  the  trials  were  very  satisfactory.  The  power  delivered  by  the 
turbines  to  the  dynamos  at  Lauffen  was  measured,  and  likewise  the  power 
obtained  from  the  motor  at  Frankfort.  In  one  experiment  113  horse-power  was 
delivered  to  the  dynamos,  and  81  horse-power  obtained  from  the  motor  no 
miles  away,  the  transmitting  conductors  being  no  stouter  than  ordinary  telegraph 
wires.  These  figures  show  a net  efficiency  of  about  72  per  cent.  In  some  other 
experiments  the  electric  power  was  used  for  lighting  purposes  and  a much  larger 
amount  of  power  was  transmitted;  in  one  case,  when  197 ’4  horse-power  was 
delivered  by  the  turbines  at  Lauffen,  as  much  as  145  "8  horse-power  was  utilised 
in  the  lamps  at  Frankfort,  the  net  efficiency  being  thus  73 '9  per  cent.  These 
figures  show  that  the  electric  transmission  of  large  powers  over  long  distances  is 
not  only  theoretically  but  practically  possible. 

Comparison  of  Heat  and  Electricity. — We  will  conclude  this  section 
with  a brief  examination  of  the  difference  between  heat  and  electricity  as  regards 
their  modes  of  mechanical  action  and  availability  for  producing  motive-power. 
Heat  acts  by  expansion  of  volume,  while  electricity  operates  by  attraction  and 
repulsion— a mode  that  is  subject  to  no  greater  loss  of  effect  than  attends  the 
action  of  gravity  in  a hydraulic  machine.  If,  then,  we  could  only  produce  elec- 
tricity with  the  same  facility  and  economy  as  heat,  the  gain  would  be  enormous ; 
but,  at  present,  the  cheapest  way  of  generating  electricity  is  by  means  of  dynamos. 
Instead  of  beginning  with  electricity  to  produce  power,  we  have  at  present  to 
begin  with  power  to  produce  electricity.  We  know  of  no  source  from  which  we 
can  obtain  a supply  of  electricity  sufficiently  cheap  and  abundant  to  enable  it  to 
take  the  place  of  heat  as  a motive-energy.  We  obtain  the  supply  of  heat  from 
combustion,  or  the  consumption  of  fuel  in  its  union  with  oxygen,  and  we  probably 
cannot  expect  to  find  other  bodies  capable  of  yielding  energy  by  a cheaper  pro- 
cess. We  cannot  get  energy  of  affinity  where  affinity  has  been  already  satisfied, 
and  the  bodies  composing  the  mass  of  our  globe  are  in  combination  already. 
We  might  as  well  try  to  make  fires  of  ashes,  as  to  use  such  bodies  over  again  as 
sources  of  either  heat  or  electricity.  The  only  abundant  substances  in  nature 
possessing  strong  unsatisfied  affinities  are  organic  bodies  and  coal.  Until  some 
means  be  found  of  making  the  combustion  of  coal  available  for  producing  electricity 
directly,  we  cannot  hope  to  obtain  electricity  at  such  a cost  as  to  supplant  heat  as 
a motive-agent.  It  is,  therefore,  as  secondary  motors,  and  not  as  primary  motors, 
that  we  may  expect  dynamo  machines  to  play  a more  important  part  in  the  future! 
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ELECTRO-CHEMISTRY  AND  AfETALLURGY. 

History.  Pats  van  Trostwyk  (1789)  pointed  out  that  electricity  was  capable 
of  decomposing  water ; to  show  this  he  used  gold  wires,  which  he  allowed  to  dip 
in  water,  connecting  one  of  them  with  the  inner,  and  another  with  the  outer 
coating  of  a Leyden  jar,  and  passing  the  discharge  through  the  water.  The  gas 
bubbles  collected  proved  to  consist  of  oxygen  and  hydrogen  gas.  Wollaston 
used  (1801)  fine  gold  wires,  fused  in  little  glass  tubes  or  covered  with  sealing- 
wax,  one  of  which  was  connected  to  the  rubber,  the  other  to  the  conductor  of 
an  electrical  machine.  He  dipped  the  points  of  these  into  water,  and  oxy- 
hydrogen  gas  was  evolved  by  turning  the  machine.  If  silver  wires  were  allowed 
to  dip  into  a solution  of  copper  sulphate,  the  wire  connected  with  the  rubber  of 
the  machine  was  found  to  be  coated  with  copper.  In  1843  Armstrong  proved, 
with  the  help  of  the  steam  electrical  machine,  that  electricity  decomposes  water 
into  its  elements,  viz.,  H and  O.  Although,  from  a scientific  point  of  view,  these 
experiments  are  of  interest,  no  practical  value  has  been  derived  from  them. 

In  1805  Brugnatelli,  Professor  at  the  University  of  Pavia,  showed  that  by 
means  of  the  current  from  a Volta  pile  silver  coins  may  be  coated  with  a layer  of 
gold  ; he  made  use  of  an  ammoniacal  solution  of  chloride  of  gold,  in  which  the 
coins  to  be  gilded  were  placed,  being  connected  by  means  of  a silver  wire  with 
the  negative  pole  of  the  pile,  while  the  positive  pole  was  in  direct  connection 
with  the  gold-bath.  Almost  at  the  same  time  Jacobi,  in  Dorpat,  and  Spencer, 
in  Liverpool,  made  their  discovery  of  electrotyping.  In  February,  1837,  Jacobi 
observed,  in  experiments  made  with  a galvanic  battery,  that  different  layers  of 
copper  could  easily  be  separated  from  the  negative  electrode ; struck  with  the 
exactitude  with  which  these  copper  layers  had  imitated  forms  of  electrodes,  he  at 
once  made  use  of  his  discovery  for  practical  purposes.  In  1838  Jacobi  laid 
before  the  Academy  of  St.  Petersburg  copper-plates,  which  were  the  imitations 
of  drawings  engraved  upon  other  copper-plates.  The  Emperor  Nicholas  allowed 
the  inventor  the  necessary  means  for  the  further  perfection  of  his  process 
(1840).  In  the  same  year  Spencer  had  obtained  similar  results.  De  la  Rive 
was  the  first  who  introduced  electro-plating  in  commerce.  In  1846  Boettger 
produced  iron  deposits,  and  in  1859  Jacquin  discovered  how  to  cover  copper- 
plates with  steel.  In  recent  times  electrotyping  in  iron  has  been  brought  to 
high  perfection  by  Klein  at  St.  Petersburg,  whose  bas-reliefs  exhibited  during  the 
Exhibition  at  Vienna,  1883,  were  very  much  admired.  The  firms  of  Christophle, 
Paris,  and  Elkington  and  Mason,  Birmingham,  have  already  brought  this  branch 
of  electro-manufacture  to  high  perfection. 

This  branch  of  industry  may  be  divided  into  three  groups,  viz.,  electro- 
chemistry, electro-metallurgy,  and  electro-deposition. 
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ELECTRO-CHEMISTRY. 

Electro  - Dyeing.  — Many  of  the  dyes  used  at  the  present  time  are 
obtained  from  coal-tar,  either  by  reduction  or  by  oxidation.  For  these  re- 
actions, Goppelsroeder,  of  Basel,  makes  use  of  electricity,  thus  introducing 
eleciro-dyeing.  Goppelsroeder,  in  various  experiments,  has  succeeded  in  (i) 
forming  and  fixing  dyeing  matter  upon  different  fibres;  (2)  tracing  white 
patterns  upon  a coloured  ground;  (3)  placing  patterns  of  different  colours 
upon  a coloured  ground ; (4)  preventing  oxidation  of  the  colours  during 
operation;  (5)  preparing  a solution  of  the  reduced  or  hydrogenised  dyeing 

matter.  . 

The  formation  and  fixing  of  aniline  black  upon  cloth  or  paper  is  brought 

about  in  the  following  manner:  The  cloth  is  saturated  with  a diluted 
solution  of  an  aniline  salt,  and  then  placed  upon  an  insulated  metal  plate ; 
this  plate  must  not  be  capable  of  being  influenced  by  the  reactions  which  take 
place.  One  pole  of  a battery  or  electric  machine  is  connected  with  a plate, 
which  is  placed  upon  the  wet  cloth,  and  has  the  pattern  or  writing  drawn  upon 
it,  and  the  lower  plate  is  then  connected  with  the  second  pole  of  the  machine; 
when  the  current  passes  through  the  plates,  a black  copy  is  produced  upon  the 
cloth.  The  time  required  for  the  current  depends  upon  the  conductivity  of  the 
solution  of  the  aniline  salt,  the  temperature,  the  strength  of  current,  etc.,  but 
need  not  exceed  about  one  minute. 

If,  instead  of  being  connected  with  the  plate,  the  second  pole  of  the  machine 
is  connected  with  a carbon  pencil,  or  some  substance  not  acted  upon,  it  is 
possible  to  write  with  the  pencil  upon  the  saturated  cloth  almost  as  quickly  as 
with  an  ordinary  pencil.  The  writing  or  drawing  thus  produced  is  probably  fixed 
upon  the  fibres.  To  prevent  the  -writing  from  running,  substances  such  as  gum 
or  glue  are  added  to  the  aniline  solution,  in  order  to  make  it  thicker.  This 
method  may  be  employed  for  marking  the  pieces  in  bleaching,  dyeing,  and 
printing  establishments,  because  this  marking  resists  all  further  operations. 

A similar  method  may  be  employed  for  destroying  the  colour.  For  this 
purpose  cloth  dyed  with  red  or  indigo-blue  is  soaked  in  a solution  of  chlor- 
aluminium,  ordinary  salt,  or  saltpetre.  When  the  current  is  allowed  to  pass 
through  the  first  two  salts,  chlorine  is  evolved;  nitric  acid  is  liberated  when 
saltpetre  is  used.  Both  chlorine  and  nitric  acid  convert  the  colours  into  white 
oxidation  products,  producing  the  desired  tracings  in  white  upon  a coloured 
ground.  These  tracings  may  be  obtained  in  other  colours  than  those  which 
represent  the  ground  colour,  by  choosing  such  salts  as  form  bases  through  electro- 
lysis. This  causes  a new  colour  to  be  formed  upon  the  parts  acted  upon,  when 
the  cloth  is  immersed  in  a bath  of  different  colour,  for  it  takes  out  the  ground 
colour,  and  gives  a different  tint  to  the  etched  places.  Goppelsroeder  experi- 
mented thus  upon  cloth  dyed  with  Turkish-red  or  indigo-blue,  by  impregnating 
it  with  hydrochloride  of  aniline.  The  current  here  etches  away  the  original 
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rolour  and  deposits  aniline  black.  By  this  means  drawings,  writings,  etc. 
in  black  may  be  obtained  on  red  or  blue  grounds. 

Metals  are  also  used  in  printing,  being  fixed  and  deposited  by  means 
of  the  current  upon  the  fibre.  For  this  purpose  the  cloth  is  saturated  with 
a solution  of  the  prepared  metal  salt,  and  is  then  exposed  to  the  effects 
of  the  negative  electrode.  The  oxidation  of  the  colours  during  the  process 
IS  prevented  by  means  of  the  negative  electrode.  To  prevent  oxidation  of 
the  colours  in  the  vats,  the  negative  electrode  is  allowed  to  dip  into  the  colour- 
solution.  whilst  the  positive  electrode  dips  into  a small  vessel  containing  a 
conducting  fluid.  This  vessel  is  connected  with  the  vat,  either  by  means 
of  a simple  tube,  an  earthenware  cell,  or  parchment.  The  hydrogen  evolved 
at  the  negative  pole  prevents  oxidation  of  the  mixture  in  the  vat. 

Goppelsroeder  s Method  of  Indigo  Dyeing. — To  prepare  indigo  dye- 
base,  Goppelsroeder  proceeds  as  follows  Indigo,  finely  powdered,  is  mixed  with 
potash,  and  the  mixture  is  placed  partly  in  an  earthenware  cell  and  partly  in  a 
larger  copper  vessel ; the  earthenware  cell  is  then  placed  in  the  copper  vessel,  and 
the  latter  connected  with  the  negative  pole  of  a battery  or  machine,  while  the 
positive  pole,  to  which  a platinum  sheet  is  attached,  is  placed  in  the  earthenware 
cell  The  H given  off  at  the  negative  pole  converts  the  indigo-blue  into  indigo- 
white,  which  dissolves  in  the  alkaline  fluid.  This  conversion  takes  place  at  an 
ordinary  temperature. 

Electrical  Bleaching. — The  electrical  current  has  been  used  by  Naudin, 
W.  A.  Tichomiroff,  and  A.  P.  Lidoff  for  bleaching  purposes.  Chlorine  is 
of  great  importance  for  bleaching  purposes ; but  as  it  is  difficult  of  transport 
in  its  gaseous  form,  or  even  in  solution,  a compound  of  a metal  with  chlorine  is 
generally  used,  such  as  calcium,  sodium,  or  potassium  chloride.  Chlorine  is 
usually  obtained  either  by  heating  a mixture  of  common  salt,  manganese  dioxide, 
and  sulphuric  acid,  or  a mixture  of  HCl  and  manganese  dioxide.  Tichomiroff 
and  Lidoff  produce  the  hypochlorite  direct  from  ordinary  salt  by  means  of  the 
current.  If  a current  is  allowed  to  pass  through  a solution  of  sodium  chloride, 
it  is  decomposed  into  its  elements,  viz.,  chlorine  and  sodium ; the  latter  unites 
with  the  water  to  form  caustic  soda,  which  is  acted  upon  by  the  chlorine  set  free, 
and  hypochlorite  is  formed.  The  quantity  of  this  bleaching  salt  formed  by  the 
current  not  only  depends  upon  the  intensity  of  the  current  itself,  but  also  upon 
the  temperature,  concentration,  chemical  property,  etc.,  of  the  solution.  As 
most  metals  are  acted  upon  by  chlorine,  carbon  is  generally  used  for  electrodes. 

Potassium  chloride  is  the  most  convenient  for  the  preparation  of  bleaching 
liquids  by  means  of  the  electric  current.  After  the  material  to  be  bleached 
has  been  cleaned  of  fats,  resins,  etc.,  it  is  immersed  in  the  fluid  and  left  for 
some  time.  As  HCl  and  free  chlorine  are  produced  and  retained  by  the  fibres, 
it  is  necessary  that  the  cloth  should  be  well  washed  after  it  is  taken  out  of  the 
bleaching  liquid  j the  substances  added  to  free  the  material  from  adhering 
chlorine  are  caustic  soda,  potash,  or,  still  better,  sodium  bisulphide.  Ticho- 
miroff and  Lidoff  think  that  the  material  residues  of  salt  lakes  might  be  made  use 
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of  for  bleaching  purposes,  and  that  the  electrical  machines  could  be  driven  by 
available  water-power.  Naudin  and  Bidet  try  to  make  use  of  electric  bleaching 
for  commercial  purposes  in  the  following  manner  : — The  vat  m,  Fig.  723,  contains 
a salt  solution,  through  which  the  current  from  the  machine  d is  allowed  to 
pass.  The  two  electrodes  E are  not  far  from  each  other,  so  that  the  sub- 
stances set  free  may  be  allowed  to  act  upon  each  other.  The  sodium  separated 
out  at  the  negative  electrode  is  converted  into  caustic  soda,  which  again  is 
reacted  upon  by  the  chlorine  evolved  at  the  positive  electrode,  and  forms 
sodium  hypochlorite.  The  bleaching  salt  thus  formed  bleaches  the  matter 


Fig.  723. — Electro-Bleaching  Apparatus. 


placed  in  vessel  n,  where  the  hypochlorite  salt  again  is  decomposed,  forming 
sodium  chloride  HCl,  etc.  This  fluid  is  then  removed  by  means  of  the  pump 
p through  the  tube  b,  back  again  to  m,  when  it  is  again  decomposed  by  means 
of  the  electric  current.  Thus  the  same  chlorine  may  be  used  again  and  again 
with  httle  loss,  to  form  the  bleaching  salt.  The  process  of  electric  bleaching  has 
been,  more  recently,  very  much  developed  by  Hermite,  Kellner,  and  others  *^The 
former  uses  magnesium  chloride  and  sea-salt  in  the  electrolytic  baths  and  large 
plants  have  been  erected  with  generating  dynamos  absorbing  over  200  horse-power 
Rectification  of  Alcohol  by  Electricity. -Another  application  oi 
electrolysis  is  that  of  the  rectification  of  alcohol.  This  method  was  invented 

Alnh";"  ’ k!  Bapaume-les-Rouen. 

Alcohol  IS  obtained  from  potatoes,  grains,  and  the  refuse  of  a beetroot  sugar 

imanufactory,  such  as  sugar-scum,  molasses,  etc.  etc.  During  fermentation  not 

only  ordinary  alcohol,  but  also  larger  or  smaller  quantities  of  the  so-called  homo- 

ogous  alcohols  are  obtained,  which  cause  an  unpleasant  taste  and  smell,  and 
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to  which  is  given  the  name  of  fusel  oils.  Alcohol  containing  these  fusel  oils 
cannot  be  employed  for  many  purposes,  and  it  has,  therefore,  to  be  freed  from 
them.  The  methods  employed  for  depriving  the  alcohol  of  these  impurities 
were  oxidation  of  the  fusel  oils,  conversion  into  compounds  less  disagreeable, 
or  entire  removal  by  means  of  carbon.  The  different  processes  of  purification, 
however,  are  accompanied  by  considerable  loss  and  increase  of  price.  Naudin, 
according  to  his  reports  in  La  Lumiere  Electrique,  has  got  rid  of  the  fusel 

oils  in  alcohols  in  a far  more  economi- 
cal way  by  means  of  electricity. 

Naudin’s  Method  of  Rectifi- 
cation.— Naudin  supposes  that  the 
bad  taste  and  smell  are  caused  by 
certain  incomplete  alcohols,  the  so- 
called  aldehydes,  i.e.  compounds  that 
are  converted  into  real  alcohols  by  the 
further  addition  of  hydrogen  atoms. 
The  conversion  of  these  aldehydes  into 
alcohols  can  be  brought  about  by 
hydrogen  in  the  status  nascendi  (nas- 
cent state),  that  is  to  say,  just  liber- 
ated from  combination,  for  experience 
shows  that  two  bodies  combine  with 
greater  readiness  when  one  of  them 
or  both  are  in  the  act  of  separating  out 
from  a compound.  Naudin’s  method 
of  purification  is  subdivided  into  the 
following  stages  : (i)  treatment  of  the 
first  products  of  the  distillation  of  the 
fermented  liquid  by  a zinc-copper  pile, 
i.e.  by  hydrogenation  ; (2)  acidulation 
of  these  products  by  a thousandth 
part  of  sulphuric  acid,  and  electrolysing  in  a series  of  voltameters ; (3)  neutralisa- 
tion of  the  acid  by  zinc  or  iron  ; (4)  rectification,  according  to  one  of  the  usual 
methods. 

Hydrogenation  of  the  first  products  of  distillation  takes  place  in  vessel  p.  Fig. 
724,  which  may  consist  of  either  wood  or  metal.  In  this  vessel  plates  represented 
by  the  waved  lines  b b'  b”  are  arranged  above  each  other,  but  separated  from  each 
other  by  other  plates  represented  by  the  lines  a a'  a".  To  facilitate  the  separation 
of  the  hydrogen  bubbles  during  reaction,  the  plates  are  perforated  and  inclined 
towards  the  bottom  of  the  vessel.  105  rows  of  zinc  plates  are  contained  in  a vessel 
of  3,300  gallons  capacity,  which  represent  a generating  surface  of  19,400  square 
feet,  or  nearly  six  square  feet  to  every  gallon.  The  zinc  plates  have  to  be  well 
cleaned  ; they  are  first  washed  with  a solution  of  caustic  soda,  then  with  a solution 
of  HCl,  and  finally  with  water.  The  zinc  copper  battery  (according  to  Gladstone 


Fig.  724. —Electric  Hydrogenator. 
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and  Tribe)  is  obtained  by  means  of  copper  which  is  deposited  on  the  zincs 
in  a powdered  condition.  For  this  purpose,  a solution  of  copper  sulphate  is 
forced  into  p by  means  of  pump  o until  the  whole  vessel  is  filled  with  it.  The 
zinc  plates  are  allowed  to  be  in  contact  with  the  copper  sulphate  solution  for 
twenty-four  hours.  The  solution  is  then  renewed,  and  this  process  repeated 
several  times.  The  pile  is  now  ready  for  use,  and  remains  active  for  eighteen 
months  or  two  years.  The  products  to  be  purified  are  introduced  by  means 
of  the  tube  e,  and  left  in  the  vessel  from  six  to  forty-eight  hours,  the  time  varying 
with  the  amount  of  impurities  and  the  temperature.  We  may  here  mention  that 
under  -h  5°  C the  pile  does  not  act, 
and  above  -t-  35°  C a violent  re- 
action takes  place  which  destroys 
the  copper  coating. 

By  the  normal  action  a steady 
evolution  of  hydrogen  and  oxygen 
■ takes  place  during  the  decomposi- 
tion of  the  water.  The  hydrogen 
hydrogenises  the  aldehyde,  and  de- 
prives the  products  of  their  fusel 
oil,  whilst  the  oxygen  forms  zinc 
oxide.  In  order  to  secure  a uniform 
reaction  throughout  the  vessel,  the 
fluid  is  made  to  circulate  through 
the  tube  f and  the  tube  d by  means 
of  a pump.  When  this  operation 
is  finished  the  purified  products  are 
allowed  to  flow  into  the  reservoir  r 
by  means  of  the  tube  h.  Tube  n 
indicates  the  height'  of  the  fluid  in 
the  vessel.  During  the  process  zinc  oxide  is  formed,  and  is  precipitated  upon  the 
plates  in  the  form  of  a white  powder,  interrupting  the  reaction  as  soon  as  the  action 
of  precipitation  has  become  sufficiently  strong.  To  prevent  this  a little  HCl  is 
added  to  the  products  every  eight  days  (one  pound  of  acid  to  300  gallons  of 
the  liquid).  The  lid  of  the  vessel  has  a hole  in  it  through  which  the  unused  H is 
allowed  to  escape,  and  in  order  that  the  alcohol  vapours  which  escape  along 
with  it  may  not  be  lost,  a condenser  is  connected  with  the  vessel.  In  most  cases 
the  above  process  is  sufficient  for  the  purification  of  the  products  of  distillation, 
and  they  are  then  conveyed  to  the  distilling  apparatus.  If  the  liquid  still  con- 
tains impurities  it  has  to  pass  through  a series  of  voltameters,  where  it  is  ex- 
posed to  the  effects  of  a powerful  electric  current.  The  voltameters  consist  of 
cylindrical  glass  vessels  a a'  (Fig.  725),  5 inches  in  diameter,  and  24  inches 
high,  having  ebonite  lids  through  which  the  two  tubes  b c,  b'  c',  and  the 
electrodes  -f-  e',  — e pass.  The  fluid  circulates  in  the  direction  indicated  by  the 
arrows.  Copper  sheets  are  used  at  present  for  electrodes  instead  of  platinum 
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electrodes.  The  small  openings  in  the  lid  are  closed  by  corks,  and  act  as 
safety-valves  in  case  the  tubes  become  closed  up. 

We  must  not  leave  unnoticed  the  use  of  electrolysis  for  purposes  of  simple 
anaysis.  The  facility  with  which  the  galvanic  current  separates  out  metals 


Fig.  726.— Vessel  for  the  Electrolytic  Analysis  of  a Solution  containing  Copper. 


from  their  solutions  led  to  its  use  some  time  back  for  quantitative  analysis. 
Gibbs  and  Luckow  first  determined  copper  quantitatively  by  this  method.  The 
determination  of  copper  by  electrolysis,  although  quite  as  exact  as  other 
methods,  requires  much  less  attention  and  labour.  The  forms  of  apparatus 
used  for  this  purpose  are  all  the  same  in  principle,  although  varying  in  details, 
t.e.  in  all  of  them  the  electric  current  separates  the  copper  at  the  negative 
electrode  from  the  different  solutions.  Christophle  used  the  apparatus  shown 
in  Fig.  726  for  the  determination  of  the  copper  in  the  bath  for  galvanotyping. 
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This  consists  of  the  platinum  vessel  a resting  upon  the  metal  tripod  b,  which 
is  connected  with  the  negative  pole  of  the  source  of  electricity.  The  platinum 
spiral  c forms  the  positive  pole.  The  glass  funnel  d is  placed  over  the  vessel  A 
to  prevent  loss  by  spilling,  etc.  Two  elements  joined  in  series,  or  a small 
Gramme  machine,  or  a Clamond  thermo-pile  are  used  for  the  purpose.  Not 
only  may  copper  be  precipitated  by  this  method,  but  also  other  metals,  such  as 


Fig.  727.— Siemens’  Apparatus  for  the  Separation  of  Metals. 

nickel,  cobalt,  silver,  mercury,  etc.  Cobalt  and  nickel,  for  instance,  are  not 
separated  out  by  means  of  the  electric  current  from  an  acidulated  ’ solution, 
although  they  are  precipitated  from  an  alkaline  solution;  hence  they  can  thus 
easily  be  separated  from  copper.  The  copper  is  first  separated  out  from  die 
acidulated  solution ; the  remainder  is  then  made  alkaline  by  adding  ammonia, 
and  then  the  cobalt  and  nickel  are  precipitated. 

The  electric  current  has  also  been  successfully  used  in  tanning  operations, 
with  the  object  of  very  much  shortening  the  time  during  which  the  hides  have  to 
be  kept  in  the  vats  under  the  old  process.  Many  experiments  have  also  been 
made  and  some  measure  of  success  attained  in  applying  the  current  for  purifying 
sewage.  Ihese  applications  are  likely  to  be  widely  extended  in  the  near 
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ELECTRO-METALLURGY. 

The  Separation  of  Iron  Ores  by  means  of  Magnets Cases  where 

magnetic  ores  have  to  be  separated  from  non-magnetic  ores  occur  frequently  in 
practice,  and  for  some  time  powerful  magnets  have  been  used  for  their  separation. 
Chenot  and  Froment  (1852)  constructed  an  electric  ore-separator  {electro- irteuse). 
Similar  instruments  have  been  constructed  by  Bavin,  Siemens,  Edison,  Wasser- 
mann,  and  others.  The  ore-separator  by  Siemens  is  shown  in  Fig.  727.  The 
rotating  axis,  which  consists  of  steel,  carries  the  driving  gear  and  a brass 

spiral ; the  latter  is  surrounded  by  a brass 
cylinder  which  touches  tangentially  the 
inner  walls  of  the  drum.  The  drum  con- 
sists of  iron  discs,  separated  from  each 
other  by  brass  rings.  The  iron  discs  are 
connected  with  each  other  outside  by 
means  of  iron  bars.  Before  fixing  the 
bars,  insulated  wires  are  wound  round  the 
iron  rings,  so  that  when  a current  passes 
through  the  wires  the  iron  becomes  mag- 
netised. The  iron  rings,  together  with 
the  iron  rods,  form,  therefore,  peculiarly- 
shaped  horse-shoe  magnets,  the  poles  of 
which  are  circular.  The  smooth  inside 
of  the  drum  represents  a continuous  series 
of  north  and  south  poles.  When  the 
apparatus  is  in  use,  the  axis,  with  its  spiral 
and  drum,  rotates,  whilst  the  brass  cylinder 
remains  fixed.  The  ores  to  be  separated 
are  introduced  by  means  of  a funnel  into 
ihe  apparatus,  and  fall  upon  the  inside  of 
the  drum.  The  magnet  poles  attract 
the  magnetic  portions  of  the  ore,  whilst 
the  non-magnetic  portions  fall  gradually 
to  the  lowest  portion  of  the  drum,  and  finally  leave  the  apparatus.  The  portions 
sticking  to  the  magnets  are  taken  along  with  the  drum,  scraped  off,  and  pushed 
by  the  rotating  spiral  through  the  brass  cylinder.  If  all  the  poles  of  the 
ore-separator  were  equally  strong  the  ore  would  be  attracted  by  the  first  poles. 
To  prevent  the  overcrowding  of  the  ores  at  these  points,  Siemens  gives  the  first 
rings  only  a few  turns  of  wire,  increasing  them  as  he  goes  on.  The  strength  of 
current  depends  upon  the  nature  of  the  ore,  and  has  to  be  determined  experi- 
mentally. The  instrument  is  capable  of  separating  twenty  tons  of  ore  per  day. 

Edison’s  magnetic-ore  separator,  shown  in  Fig.  728,  is  distinguished  by  its 
great  simplicity.  Instead  of  allowing  the  ore  to  come  in  contact  with  the 
magnets,  the  magnets  are  arranged  so  as  to  act  at  a distance.  The  particles 
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containing  iron  on  their  way  to  the  bottom  of  the  apparatus  are  attracted^  by 
powerful  magnets,  in  order  to  pass  which  they  have  to  deviate  from  their  original 
direction.  The  box  to  the  right  of  the  drawing  covers  the  magnets. 

In  preparing  the  clay  for  the  making  of  porcelain,  electro-magnets  have  been 
resorted  to.  To  obtain  perfectly  white  porcelain,  it  is  necessary  that  the 
material  should  be  free  from  iron.  Pilliduyt  and  Sons  remove  the  iron  by 
using  magnets.  The  solution  is  allowed  to  pass  between  the  poles  of  a magnet, 
which  retain  the  particles  of  iron.  The  apparatus  used  is  capable  of  purifying 
from  1,100  to  1,300  pounds  of  material  daily;  it  was  found  that  26‘5  pounds 
of  porcelain  clay  contained  about  15-5  grains  of  iron.  The  apparatus  is  cleaned 
twice  a day  by  simply  cutting  off  the  current  and  forcing  water  with  considerable 
pressure  through  the  tubes  near  the  magnets. 

The  Use  of  the  Current  in  the  Mercurial  Process  of  Separating 
Gold  and  Silver. — The  usual  method  of  obtaining  gold  or  silver  from  ores 
which  contain  them,  is  to  powder  the  whole  and  then  treat  with  mercury ; an 
amalgam  of  the  metal  is  formed,  from  which  the  pure  metal  is  obtained  by  dis- 
tilling off  the  mercury.  This  method  answers  very  well  if  there  be  no  compounds 
of  sulphur  in  the  ore ; the  presence  of  these  compounds  making  the  mercury 
impure  and  destroying  its  bright  surface,  prevents  the  particles  of  gold  from 
mixing  with  it.  Guerout  mentions,  for  instance,  that  with  an  ore  containing 
275  pounds  avoirdupois  of  gold  per  ton,  the  gold  could  not  be  extracted  from 
the  sulphurous  ore  by  means  of  mercury,  as  the  expense  would  be  comparatively 
too  high.  Several  methods  of  cleaning  the  mercury  have  been  proposed,  such 
as  adding  sodium,  or  a stream  of  chromic  acid,  etc.,  but  these  methods  have 
practically  proved  of  no  avail.  Richard  Barker,  however,  by  employing 
the  electric  current,  obtained  the  desired  result.  He  observed  that  when 
mercury  is  connected  with  the  negative  pole  of  a source  of  electricity,  and 
the  water  flowing  over  it  with  the  positive  pole,  any  impurities  contained  by 
the  mercury  are  driven  away  from  the  negative  pole  to  the  positive  pole 
{i.e.  the  water  anode),  giving  to  the  mercury  its  bright  surface  again.  On 
these  principles  Barker  took  out  a patent  for  his  electric  process  of  obtainhig  gold 
and  silver  from  ores.  The  ore,  powdered  and  diluted  with  water,  flows  over  the 
slightly  inclined  plane  a a (Fig.  729),  passing  the  mercury  contained  in  the 
troughs  a a,  the  bright  surface  of  which  retains  the  particles  of  gold,  whilst  the 
other  compounds  are  allowed  to  flow  off  with  the  water.  To  retain  the  bright 
surface  of  the  mercury.  Barker  connects  the  troughs  containing  it  with  the 
negative  pole  of  an  electric  machine,  so  that  the  mercury  becomes  the  kathode. 
The  positive  pole  of  the  machine  is  connected  with  the  water,  making  it  the 
anode.  The  current  coming  from  the  negative  pole  of  the  machine  flows 
through  the  wire  m into  the  mercury  trough  i,  from  it  through  the  connecting 
wire  m to  the  mercury  trough  2,  and  so  on.  The  conveying  of  the  positive 
current  for  troughs  i,  2,  3 is  shown  in  Fig.  730.  Four  metal  bars  j are  fastened 
parallel  to  the  axis  of  the  shaft  upon  a wooden  shaft,  set  in  motion  by  means 
of  the  pulley  c and  string.  These  bars  are  held  in  position  by  rings  placed  at 
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the  ends,  and  in  the  middle  of  the  shaft.  To  these  metal  bars,  metal  wires  e are 
fastened  radially,  the  length  of  which  is  so  measured  that  during  the  rotation  of 
the  shaft  their  ends  dip  into  the  water,  but  do  not  touch  the  surface  of  the 
mercury.  The  contact  pin  v,  connected  with  the  positive  pole  of  the  machine, 
slides  upon  the  disc  opposite  to  c ; by  this  arrangement  the  metal  bars  and  the 
projecting  wires  become  anodes.  Pieces  of  wood  r are  fastened  to  the  wooden 
portions  of  the  shaft  between  the  metal  bars  in  a way  similar  to  that  in  which 


Fig.  730. — The  Stirrers. 


the  wires  are  attached  ; but  the  former  are  longer  than  the  latter,  and  therefore 
dip  into  the  mercury  during  the  rotation  of  the  shaft,  keeping  the  mercury  well 
stirred,  and  thus  facilitating  amalgamation. 

The  shafts  b (Fig.  729)  are  used  over  the  mercury  troughs  4,  5,  and  6, 
with  their  pieces  of  wood  r only  as  stirrers ; the  positive  current  is  not  conveyed 
through  the  shafts  as  before,  but  through  the  wires  «,  which  dip  into  the  water, 
and  are  fastened  to  the  metal  rods  f.  The  troughs  7 and  8 have  no  stirrers,  and 
their  current  passes  through  the  metal  pin  z,  fastened  to  the  shaft  d.  This 
arrangement,  as  may  be  seen  from  the  drawing,  only  allows  the  current  to  pass 
twice  for  every  full  revolution  of  the  shaft;  as  the  troughs  9 and  10  have  no 
shafts  at  all,  the  current  is  conveyed  by  means  of  the  metal  wires  which  are 
fastened  to  the  metal  rods  f.  It  is  said  that  satisfactory  results  have  been 
obtained  by  means  of  this  process. 
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Electric  Smelting. — The  heating  effects  of  the  galvanic  cunent  have 
also  been  utilised  for  metallurgy.  To  obtain  a high  temperature,  two  methods 
have  been  employed,  viz.  the  oxyhydrogen  blow-pipe  and  the  regenerating 
furnace.  The  voltaic  arc,  however,  produces  a temperature  which  considerably 
exceeds  that  obtained  by  the  former^  method,  and  Siemens  has  used  it  in  an 
apparatus  by  means  of  which  refrac- 
tory metals  may  be  fused,  t (Fig- 
731)  is  a crucible  consisting  of 
graphite,  or  other  similar  substance 
not  easily  fusible,  h serves  as  a 
kind  of  jacket,  containing  pieces  of 
charcoal,  or  a similar  substance  that 
conducts  heat  badly.  There  is  a 
hole  in  the  bottom  of  t,  through 
which  an  iron,  platinum,  or  carbon 
rod  passes.  There  is  also  a hole 
in  the  lid  of  the  crucible,  through 
which  the  negative  electrode  passes. 

The  negative  pole,  consisting  of 
pressed  carbon  of  considerable  di- 
mensions, is  suspended,  by  means  of 
a copper  strip  at  A,  from  the  beam 
A B ; to  the  end  b is  fastened  a 
hollow  cylinder  of  soft  iron,  which 
moves  freely  inside  the  spiral  s, 
which  has  a resistance  of  about  50 
ohms.  The  attracting  force  of  s 
may  be  balanced  by  means  of  a 
weight.  One  end  of  the  spiral  is. 
connected  with  the  positive,  the 
other  end  with  the  negative,  pole 
of  the  arc.  The  resistance  of  the 
arc  may,  therefore,  be  adjusted  as  re- 
quired by  sliding  the  weight  q along  the  beam.  If  the  resistance  in  the  arc  is  in- 
creased by  any  cause,  the  current  passing  through  the  coil  also  increases,  and  the 
force  of  attraction  overcomes  the  counterweight,  causing  the  negative  electrode  to 
dip  deeper  into  the  crucible.  If  the  resistance  in  the  arc  diminishes,  the  weight 
forces  the  cylinder  back  into  the  spiral,  lengthening  the  arc  until  equilibrium  is 
restored  between  the  acting  forces.  Besides  the  automatic  regulation  of  the  arc. 
It  IS  of  importance  for  the  success  of  the  smelting  that  the  metal  to  be  fused 
should  form  the  positive  pole,  as  here  the  highest  temperature  is  obtained. 
Sir  William  Siemens  melted  one  pound  of  filings  in  an  apparatus  similar  to  the 
one  here  described  in  thirteen  minutes  ; the  crucible  had  a depth  of  8 inches, 
and  the  current  used  could  supply  a light  equal  to  6,000  normal  candles. 


731- — Siemens’  Electric-Smelting  Apparatus. 
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When  a carbon  rod  is  used  as  the  negative  pole,  the  metal  to  be  fused  might 
undergo  a chemical  change  ; if  this  is  to  be  avoided,  the  negative  electrode 
must  consist  of  a substance  that  causes  no  change.  Siemens  uses  a so-called 
water-pole  for  this  purpose,  i.e.  a tube  of  copper  through  which  water  is 
allowed  to  circulate  (drawn  in  the  figure  separately).  As  regards  the  expenses 
of  electric  melting,  Siemens  found  that  by  using  a dynamo-electric  machine, 
driven  by  a steam-engine,  one  pound  of  coal  could  melt  nearly  one  pound 
of  cast  steel.  The  following  points  show  the  advantages  of  this  process: 
(i)  theoretically  the  heat  obtainable  is  unlimited ; (2)  the  fusing  takes  place  in  a 


Fig*  732. — Ducretet's  Electric  Laboratory  Furnace. 


perfectly  neutral  atmosphere;  (3)  the  process  needs  no  lengthy  preparations, 
and  can  be  conducted  under  the  eyes  of  the  operator ; (4)  by  using  ordinary 
materials  difficult  to  fuse,  the  temperature  practically  obtainable  is  very  high,  as 
in  the  electric  crucible  the  fusing  material  has  a higher  temperature  than  the 
crucible  itself ; whilst  by  the  ordinary  method  the  temperature  of  the  crucible 
surpasses  that  of  the  melting  material. 

The  electric  furnace  is  a valuable  addition  to  the  resources  of  the  chemist, 
either  for  research  work  or  for  many  of  the  ordinary  operations  of  the  laboratory. 
A recent  form  of  such  a furnace,  as  modified  by  Messrs.  Ducretet  and  Lejeune, 
of  Paris,  is  shown  in  Fig.  732.  Ordinary  electric  light  carbons  c c'  slide 
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through  the  clamping  cylinders  p p',  and  are  brought  together  just  over  the 
crucible  CR  at  right  angles  to  one  another.  For  many  reasons  this  position  is 
found  to  be,  for  general  work,  more  convenient  than  the  vertical  position  used  in 
the  Siemens  furnace.  The  crucible,  according  to  the  operation  that  has  to  be 
performed,  consists  of  carbon,  plumbago,  lime,  magnesia,  etc.  It  is  in  a closed 
refractory  chamber  r,  with  an  aperture  at  the  top  through  which  the 
materials  to  be  smelted  can  be  introduced.  When  large  currents  are  used,  the 
carbon-holders  p p'  have  to  be  kept  cool  by  currents  of  water  circulating  through 
them.  The  front  side  of  the  furnace  chamber  is  closed  by  the  removable  screen 
K,  which  for  many  purposes  can  be  made  of  deep  ruby-red  glass  through  which 
the  operations  in  the  crucible  can  be  watched,  but  when  the  highest  tempera- 
tures are  developed  it  has  to  be  made  of  a more  refractory  material.  There  are 
apertures  not  shown  in  the  figure,  by  which,  if  required,  gases  can  be  introduced 
into  the  furnace.  The  magnet  controls  the  play  of  the  electric  arc  on  the 
materials  in  the  crucible,  converting  the  arc,  if  need  be,  into  a long  flame  which 
acts  as  a veritable  electric  blow-pipe.  The  maximum  temperature  attainable  is 
about  3,500°  C.,  the  temperature,  according  to  M.  Violle,  at  which  carbon 
volatilises.  With  a current  of  about  12  amperes  at  55  volts  the  most  refractory 
ores  can  be  reduced  in  a few  minutes,  and  pure  metals  can  be  obtained  in 
sufficient  quantities  for  chemical  analysis.  In  this  way,  at  the,  Ecole  Normale 
Supdrieure,  specimens  of  metallic  ruthenium  and  osmium  have  been  obtained. 

Uses  of  Electricity  in  the  Separation  of  Metals. — Electricity  is 
far  more  extensively  employed  for  the  separation  of  metals  than  for  the  purposes 
just  now  described.  Messrs.  Siemens  and  Halske  for  some  time  paid  par- 
ticular attention  to  this  branch  of  industry,  and  constructed  special  machines 
for  the  purpose.  Six  Gramme  machines  were  used  by  the  Refiners’  Trading  Com- 
pany, Hamburg.  The  main  object  of  this  establishment  was  to  produce  copper 
of  almost  absolute  purity  (for  instance,  analyses  of  the  metal  produced  gave  99-95 
per  cent,  of  copper).  The  royal  metals  contained  in  the  copper  are  also  obtained 
in  a separate  state,  so  that  they  can  be  utilised.  Alloys  containing  copper  and 
silver  are  directly  separated  into  copper  and  silver.  The  copper  obtained  from 
German  coins  during  the  year  1877-1878  amounted  to  253,000  pounds, 
the  silver  to  72-5  pounds,  and  gold  to  52  pounds.  The  daily  production 
of  copper  during  twenty-four  hours  in  1881  was  5,520  pounds.  The  elec- 
tric purification  of  copper  which  has  passed  the  refining  furnace,  and 
contains  only  about  2 per  cent,  of  impurities,  is  perhaps  the  simplest  method 
of  obtaining  the  pure  metal  on  a large  scale.  Siemens  thus  describes  the 
method  The  machines  (Fig.  266)  are  specially  devised ; there  is  one  that 
separates  out  6 cubic  centimetres,  while  another  eliminates  3 cubic  centi- 
metres of  pure  copper  in  twenty-four  hours,  from  each  of  twelve  baths  joined 
m series.  The  former  requires  10,  the  latter  5 horse-power.  The  surface 
0 the  electrode  of  each  bath  must  have  320  square  feet;  for  instance,  thirty- 
two  plates  of  raw  material  having  an  area  of  2 x 5 feet  will  be  required,  and 
as  many  plates  of  pure  copper.  The  cross  section  of  the  leads  has  to  be 
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3 square  inches.  Machines  may  be  constructed  for  the  separation  of  every 
kind  of  metal  by  the  electric  current.  To  construct  larger  machines  is 
disadvantageous  from  many  causes ; it  is,  therefore,  better  to  use  several 
machines.  When  the  raw  material  contains  other  metals  besides  copper,  greater 
energy  is  required  in  proportion  to  the  impurity  of  the  raw  material.  Most 
energy  is  required  when  the  material  does  not  consist  of  impure  metal,  but 
has  to  be  separated  from  a solution.  In  this  case  for  anodes  we  must 
use  carbon,  platinum,  lead,  or  other  substances  which  do  not  easily  oxidise. 
To  obtain  the  silver  from  lead,  Keith  casts  thin  plates  of  the  lead,  covers 
them  with  muslin,  and  uses  these  as  anodes  in  a decomposition  cell,  which 
contains  lead  sulphate  and  sodium  acetate  in  solution  (2-5  to  3 ounces  of 
lead  sulphate  to  17  ounces  of  sodium  acetate).  For  kathodes  lead  plates  are 
used.  The  lead  crystallises  out  at  the  kathode,  whilst  in  the  sack  surrounding 
the  anode  silver  and  the  other  metals  are  retained.  The  solution  must  be 
constantly  stirred,  in  order  to  diminish  polarisation. 

Ores  containing  Sulphur. — Not  only  are  impure  metals  purified  by  means 
of  the  electric  current,  but  metals  have  been  directly  separated  from  their  ores. 
Bias  and  Miest  took  out  a patent  for  their  method  of  obtaining  metals  from  ores 
containing  sulphur.  If  the  same  metal  as  that  contained  in  the  bath  is  used 

as  an  anode,  the  metal  contained  in  the  bath  will  separate  out  at  the  kathode, 

and  the  sulphur  will  be  thrown  down  at  the  anode.  Ores  containing  antimony 
and  arsenic  also  yield  these  up  at  the  anode,  but  mostly  in  the  form  of  oxides, 
which  may  easily  be  separated  by  means  of  the  current.  Bias  and  Miest  break 
the  ore  in  pieces  first  (such  as  copper  pyrites,  etc.),  and  then  press  it  into  moulds 
made  of  steel,  under  a pressure  of  100  atmospheres,  first  cold  and  then  at  600°. 
The  plates,  when  cool,  are  fastened  to  iron  rods  and  hung  in  the  bath,  and 
are  then  connected  with  the  positive  pole  of  a machine.  If  the  ore  happens 

to  be  zinc  sulphide,  the  bath  consists  of  zinc  sulphate,  nitrate,  or  chloride. 

An  insoluble  metal  forms  the  kathode. 

Aluminium  and  the  Allied  Metals. — Bunsen  succeeded  in  obtain- 
ing aluminium  by  electrolysis  from  the  double  salts,  sodium  chloride  and 
aluminium  chloride,  as  has  been  already  mentioned.  The  separation,  however, 
is  somewhat  difficult,  and  requires  a careful  regulation  of  the  temperature. 
Chemically  the  aluminium  is  obtained  by  decomposing  the  double  salt  men- 
tioned with  sodium.  The  price  of  aluminium,  therefore,  depended  upon 
the  cost  of  sodium,  of  which  one  pound  formerly  cost  about  14s.  6d. 
Improved  chemical  methods  have  led  to  a great  reduction  in  the  price  of 
metallic  sodium,  and  a corresponding  reduction  in  the  price  of  aluminium,  but 
a still  further  reduction  in  the  price  of  the  latter  metal  has  been  accomplished  by 
the  use  of  electrical  methods.  So  much  is  this  the  case  that  at  present  the 
cheapest  of  the  chemical  methods  cannot  compete  with  the  electrical  ones. 
Thus  the  price  of  aluminium,  which  was  360s.  per  lb.  in  1855,  had  fallen  to  62s. 
in  i860,  and  was  about  20s.  from  1862  onwards.  In  1888  it  was  further  reduced 
to  15s.  per  lb.,  and  can  now  be  produced  profitably  at  5s.  per  lb.  As  aluminium 
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is  one  of  the  constituents  in  a great  number  of  crystalline  minerals,  in  felspar  and 
most  of  the  older  rocks  as  well  as  in  clay,  marl,  slate,  etc.,  the  raw  material  for 
its  production  is  abundant  and  cheap. 

There  are  several  processes  for  the  electrical  production  of  aluminium  and 
aluminium  alloys.  Of  these  the  chief  are  the  Cowles,  the  Hall,  and  the 
Hdrault ; the  first  relies  chiefly  on  the  heating  effect  of  the  current  and 
produces  alloys  only,  whereas  the  other  two  depend  on  the  electrolysis  of 
aluminium  salts  at  high  temperatures  and  produce  pure  aluminium. 

The  Cowles  furnace  is  represented  somewhat  diagrammatically  in  Fig.  733. 
The  smelting  is  conducted  in  a firebrick  box  c,  lined  with  limed  charcoal,  the 
central  shallow  cavity  d being  relatively  small.  The  electrodes  are  carbon  rods 
A a'  projecting  into  the  centre  of  the  cavity  and  passing  through  boxes  b b'  of 
copper  shot  which  maintain  a sliding  electrical  contact  with  them.  The  charge, 
which  completely  fills  the  cavity,  consists  of  the  ore  to  be  reduced  and  pieces  of 


broken  electric  light  carbon  to  give  the  mass  conductivity.  A large  current  is 
passed  through  the  furnace,  and  the  arc  is  struck  between  the  ends  of  the 
carbons ; the  temperature  then  rapidly  rises  sufficiently  to  effect  a reduction  of 
the  ore.  The  alloy  formed  is  drawn  off  from  the  bottom  of  the  furnace  and  the 
gases  produced  escape  through  openings  in  the  firebrick  cover. 

The  Hdrault  process  is  carried  out  on  a large  scale  by  the  Swiss  Metallurgical 
Company  at  Neuhausen,  the  necessary  power  bein?  ohtainpH  frr>m  f-v>o  foiic 


(± 
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Fig-  733-— Arrangement  of  Electric  Furnace  in  Cowles’  Process. 
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can  be  adjusted  vertically  and  fixed  at  different  distances  from  the  bottom  of  the 
crucible. 

In  starting  the  furnace,  small  broken  pieces  of  copper  are  first  placed  at  the 
bottom  of  the  crucible,  and  the  positive  electrode  is  brought  close  down  to  them. 
As  soon  as  the  copper  melts,  some  alumina  (an  oxide  of  aluminium,  AI.2O3)  is  fed 
into  the  furnace  and  the  electrode  n raised  a little.  The  current  now  passes 

through  the  alumina  to 
the  molten  copper  which 
forms  the  electrode;  the 
alumina  soon  fuses  and 
is  then  decomposed,  the 
oxygen  going  to  the 
positive  electrode  and 
combining  with  the  car- 
bon to  form  carbonic 
oxide,  which  escapes, 
and  the  aluminium  run- 
ning to  the  bottom  of 
the  furnace,  where  it 
combines  with  the  cop- 
per to  form  aluminium 
bronze.  From  time  to 
time  the  molten  alloy  is 
drawn  off  and  fresh 
charges  of  alumina  and 
copper  added.  If  pure 
aluminium  is  required, 
no  copper  is  introduced 
into  the  furnace.  The 
process  is  continuous, 
and  the  best  results  are 
obtained  with  a current 
of  12,000  to  13,000 
amperes  at  from  12  to 
15  volts. 

In  the  Hall  process, 
which  is  also  continuous, 
the  electrolytic  bath  con- 
sists of  alumina  dissolved  in  the  double  fluoride  of  aluminium  and  potassium,  which 
is  kept  fused  by  the  heat  produced.  Currents  of  2,000  to  5,000  amperes  are 
used,  and  the  production  of  one  pound  of  aluminium  requires  the  expenditure  of 
about  16  Board  of  Trade  units  of  electrical  energy. 


Fig.  734. — Electric  Furnace  for  producing  Aluminium. 


Fig.  735. — Horizontal  Section  of  Electric  Furnace. 
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ELECTRIC  WELDING. 

The  ease  with  which  heat  can  be  produced  at  any  required  spot  by  means  of 
the  electric  current  makes  it  an  invaluable  auxiliary  to  the  smith  in  effecting 
welds  in  awkward  places,  and  in  special  kinds  of  work.  An  ordinary  smith’s  fire 
is,  at  the  best,  a wasteful  source  of  heat  even  for  a simple  weld,  and,  moreover, 
there  are  many  cases  in  which  it  would  be  impossible  in  such  a fire  to  heat  the 
surfaces  required  to  be  welded  together.  Systems  in  which  the  parts  to  be 
welded  are  heated  by  gas  flames  have  therefore  been  developed,  and  have  proved 
very  serviceable.  But  these  are  now  being  superseded  by  systems  of  electric 
welding,  which  possess  all  the  advantages  of  the  gas-flame  systerns,  with  some 
additional  ones  due  to 
the  perfect  control  of  the 
current,  which  is  the 
source  of  the  heat. 

There  are  two  dis- 
tinct systems  of  electric 
welding  in  practical  use. 

One  of  these  takes  ad- 
vantage of  the  heating 
power  of  an  electric  arc, 
whilst  the  other  employs 
the  heating  effect  of  the 
current  working  through 
a dead  resistance.  We 
propose  to  briefly  de- 
scribe both  systems. 

The  arc  system  of  736.--Carbon-Holder  for  Arc  Welding. 

welding  elaborated  by 

M.  Bernardos  has  been  developed  and  adapted  to  a great  variety  of  work  by 
Messrs.  Lloyd  and  Lloyd  of  Birmingham.  The  method  of  applying  the  heat 
is  extremely  simple.  An  ordinary  electric  light  carbon  (Fig.  736)  is  clipped  in  a 
special  holder,  which  is  held  in  the  workman’s  hand.  The  holder  consists  of 
a simple  wooden  handle  a through  which  passes  the  insulated  conductor  carry- 
ing the  current  to  the  carbon.  An  iron  shield  s faced  with  asbestos  protects  the 
workman’s  hand,  and  the  carbon  is  clipped  in  a split  clamp  at  the  end  of  the 
holder.  The  carbon  is  connected  to  the  positive  main  from  the  generator,  and 
the  metal  to  be  heated  is  joined  to  the  negative  main.  If  the  carbon  be  now 
touched  against  the  metal  near  the  part  to  be  welded  and  drawn  a short  distance 
away,  the  electric  arc  is  struck  and  the  metal  is  quickly  heated.  Since  the 
metal  is  the  positive  pole  of  the  arc,  a copious  cloud  of  metallic  vapour  is 
produced  which  enables  the  arc  to  be  extended  to  about  five  inches  in  longth 
and  easily  manipulated.  In  about  12  to  14  seconds  the  requisite  temperature 
is  produced  in  the  metal,  and  the  arc  is  removed  and  the  weld  hammered  in 
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the  usual  way.  Very  little  metallic  slag  or  scale  is  formed  during  the  heating  as 
surfa^e^^"^  atmospheric  oxygen  from  reaching  the  heated 


The  current  usually  employed  for  each  welding  arc  is  about  150  amperes  at 
70  volts,  and  therefore  if  several  welding  tools  are  attached  to  the  same  mains 
the  demands  for  current  are  likely  to  vary  rapidly  through  wide  ranges  This 
necessitates  special  arrangements  for  the  supply  of  the  requisite  current  The 


737- — Electrical  Connections  for  Arc  Welding. 


plan  adopted  by  Messrs.  Lloyd  and  Lloyd  is  shown  diagrammatically  in  Fig.  737. 
The  dynamo,  producing  about  500  amperes  at  150  volts,  is  joined  to  positive  and 
negative  omnibus  mains  through  suitable  switches.  The  poles  of  a large 
secondary  battery  are  connected  to  the  mains  through  an  ammeter  a and  switch 
s.  The  particular  battery  used  consists  of  special  “ Plante  ” plates  devised  by 
M.  Bernardos,  which,  without  having  any  great  storage  capacity,  can,  at  a push, 
give  a current  equal  to  twice  that  of  the  dynamo  without  being  seriously  damaged. 
From  the  positive  end  of  the  battery  a conductor  leads  through  an  ammeter  b 
to  a subsidiary  omnibus  main  a b,  to  which  the  welding  arcs  can  be  connected 
through  switches  s s s and  resistances  r r r.  The  resistances  are  adjustable  and 
are  under  the  control  of  the  workman.  A voltmeter  v shows  the  pressure 
between  a b and  the  positive  omnibus  main. 

The  other  system  of  electric  welding  was  first  employed  and  has  been 
brought  to  a high  state  of  perfection  by  Prof.  Elihu  Thomson.  The  form  of 
welding  adopted  is  that  known  as  butt-welding.  The  two  pieces  to  be  welded 
(for  instance,  two  bars  of  iron)  are  brought  together  end  on  and  a large  current 
passed  across  the  junction.  The  loose  contact  at  the  junction  causes  a great 
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amount  of  heat  to  be  developed  there,  and  the  two  pieces  of  metal  are  soon 
raised  to  the  welding  temperature,  having  attained  which  they  are  pressed  firmly 
together  and  the  weld  is  complete. 

Two  different  methods  are  used  for  supplying  the  requisite  currents  to  the 
junction  of  the  metals  to  be  welded ; one  of  these  may  be  called  the  “ direct  ” 
and  the  other  the  “ indirect  ” method.  In  the  “ direct  ” method  a special 
dynamo  placed  quite  close  to  the  welding  clamp  generates  the  required  current. 


738- — Electric  Welding  Dynamo  and  Clamps. 


ig.  738  shows  a complete  welding  plant  of  this  kind.  The  dynamo,  specially 
esigned  for  the  work,  is  placed  at  the  back  of  and  below  the  table  on  which  the 
welding  clamps  are  fixed.  There  are  two  sets  of  coils  on  the  armature,  one  of 

connected  to  a commutator  of  the  usual  type  : 
e o her  set  consists  of  single  turns  joined  up  to  collecting  rings  in  parallel 
j commutator  and  rings  are  in  front  of  the  table,  and  the 

Operator.  The  current  is  taken  directly 
arp  tn  h clamps  which  hold  the  two  rods  that 

mpnnc  fTu  ^ together.  These  clamps  can  be  moved  towards  each  other  by 

The  nierps  K ^ system  of  levers  below  the  table. 

pa.ssed  as  alrp^  ^ T ^he  current 

develooed  therp"^^  explained,  the  resistance  at  the  junction  causes  heat  to  be 
there,  and  the  metal  becomes  heated.  As  the  temperature  rises,  so 
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does  the  resistance  of  the  metal,  causing  still  more  heat  to  be  produced;  more- 
over, since  the  hotter  parts  of  the  cross-section  have  a higher  specific  resistance 
than  the  cooler,  the  current  flows  more  copiously  in  these  cooler  parts,  and  thus 
the  whole  cross  section  becomes  very  uniformly  heated.  As  soon  as  the  welding 
temperature  is  reached  the  rods  are  pressed  together  by  means  of  the  levers,  and 
a firm  weld  results.  So  quickly  is  the  heat  produced  at  the  junction  that  the 
weld  is  completed  before  the  heat  can  be  conducted  far  along  the  bars.  Thus 
two  iron  bars,  each  having  a cross-section  of  a square  inch,  can  be  welded  in  30 
seconds,  and  the  red-hot  portion  does  not  extend  more  than  two  inches  on  either 
side  of  the  weld. 

In  the  “indirect”  method  of  welding  the  dynamo  generates  an  ordinary 
alternate  current  at  a pressure  of  300  to  350  volts,  and  a frequency  of  about  100 


Fig.  739. — Small  Electric  Welding  Transformer. 


alternations  per  second.  This  current  is  taken  to  the  fine-wire  circuit  of  a 
transformer,  whose  secondary  circuit  consists  of  stout  copper  bars  ending  in  the 
massive  copper  clamps  in  which  the  pieces  to  be  welded  are  held.  One  of  the 
clamps  is  fixed  and  the  other  movable,  its  distance  from  the  first  being  regulated 
for  heavy  work  by  a powerful  screw,  by  which  a strong  pressure  can  be  brought 
to  bear  upon  the  joint  when  the  welding  temperature  is  reached.  The  primary 
circuit  has  a “ choking  ” coil  (see  page  644)  inserted  in  it,  by  moving  the  copper 
shield  of  which  the  operator  can  control  to  a nicety  the  current  across  the 
welding  joint.  The  current  actually  generated  in  the  secondary  circuit  is  not 
easily  measured,  but  for  round  iron  one  inch  in  diameter  welded  in  40  seconds 
it  is  about  5,000  amperes ; and  for  a bar  of  double  the  diameter,  about  20,000 
amperes  for  80  seconds.  About  12  horse-power  is  employed  in  the  former  of 
these  two  cases. 

A small  transformer  with  the  necessary  clamps  for  welding  iron  and  copper 


Fig.  740.— Gramme’s  Machine  for  Electrolysis. 
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wires  is  shown  in  Fig.  739.  In  this  transformer  the  welding  joint  is  squeezed  up 
by  means  of  hand-levers. 

The  development  of  electric  welding  has  very  greatly  extended  the  list  of 
weldable  metals.  Formerly  it  used  to  be  considered  that  iron,  steel,  and  platinum 
were  the  only  metals  that  could  be  welded  firmly  and  securely.  But  now  nearly 
every  known  metal  and  alloy  has  been  successfully  welded.  For  instance, 
Professor  Elihu  Thomson  has  a bar  three-eighths  of  an  inch  in  diameter  made 
up  of  nine  pieces  w'elded  together  in  the  following  order : — Copper,  brass,  iron, 
German  silver,  brass,  tin,  zinc,  tin,  and  lead.  The  welds  produced  in  ordinary 
iron  and  steel  welding  are  very  strong,  sometimes  stronger  than  the  unwelded 
part  of  the  material,  but  in  no  case  less  than  85  per  cent,  of  that  strength.  All 
kind  of  work,  whether  light  or  heavy,  can  be  done,  and  electric  welding  is  nothing 
less  than  a new  power  in  the  hands  of  the  mechanician  and  constructor.  So 
much  is  this  the  case  that  some  manufacturers  have  altered  the  designs  of  many 
of  their  stock  productions  so  as  to  utilise  the  advantages  of  electric  welding 
as  much  as  possible. 


ELECTRO  (OR  GALVANOPLASTIC)  DEPOSITION. 

Here  w'e  distinguish  betw^een  two  distinct  branches  : the  making  of  objects 
that  are  coated  with  a thin  metal  layer  comes  under  the  head  of  electro-plating, 
and  that  of  objects  forming  copies  of  others  comes  under  the  head  of  electro- 
typing (called  by  the  Germans  galvanoplastie  and  galvanostegie).  The  sources 
of  electricity  used  for  both  branches  of  electro-deposition  are  galvanic  cells, 
thermo-piles,  or  dynamo  machines.  Only  those  cells  should  be  employed  that 
furnish  a constant  current,  such  as  Daniel),  Meidinger,  Bunsen,  Grove,  etc. 
Thermo-piles  are  very  useful,  but  are  too  expensive,  and  furnish  only  a w^eak 
current.  In  large  establishments  dynamos  are  mostly  used,  For  all  kinds  of 
electrolysis  large  currents  of  small  potential  (so-called  “quantity  currents”)  are 
required ; therefore,  when  cells  are  used,  the  plates  must  be  large,  or  else  a 
number  of  small-plate  cells  have  to  be  joined  parallel. 

Dynamos  for  Electro-plating. — If  dynamos  are  used  they  have  to  be 
constructed  w'ith  small  internal  resistance.  Such  machines  are  constructed  by 
Gramme,  Schuckert,  Siemens,  and  Ferraris  on  the  Continent,  and  in  England 
by  Elmore,  Paterson  and  Cooper,  Elwell-Parker,  and  others.  The  machines  of 
Siemens  and  Schuckert  have  already  been  described.  The  machine  by  Gramme 
(Fig.  740)  is  easily  distinguished  from  the  ordinary  type  (page  260),  for  it  has 
double  the  number  of  electro  magnets,  and  therefore  four  independent  poles, 
of  which  every  two  have  the  same  polarity  : one  of  the  couples  is  united  by 
the  upper,  the  other  couple  by  the  lower  pole-piece.  1 he  iron  cores  of  these 
electro-magnets  possess  a diameter  of  4'8  inches,  by  a length  of  16  inches ; 
round  each  of  these  a copper  sheet  of  0-043  inch  in  thickness  is  wound  thirty- 
two  times.  The  resistance  of  these  electro-magnets  is  o'ooiz  ohm,  when  joined 
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in  series;  when  the  eight  magnets  are  joined  in  two  groups  the  resistance  is 
o’ooo28  ohm.  The  pole-pieces  of  the  electro-magnets  surround  a ring  of  peculiar 
construction.  This  ring  has  a diameter  of  i4'6  inches,  and  a length  of  177 
inches.  It  consists  of  forty  divisions,  of  which  twenty  are  connected  with  the 
sectors  of  the  right-hand  commutator,  and  twenty  with  the  sectors  of  the  left- 
hand  commutator.  Each  coil  consists  of  seven  copper  bands  o’ii2  inch  in 
thickness,  and  d'4  inch  in  breadth,  which  are  insulated  from  each  other  by 
intervals  of  air.  Every  two  succeeding  coils  form  a division  of  the  ring.  The 
resistance  of  the  armature  when  the  two  portions  are  joined  in  series  is  0^0004 
ohm,  and  sinks  to  o’oooi  ohm  when  they  are  joined  parallel.  When  joined  in 
series  an  e.  m.  f.  of  8 volts  is  obtained  with  500  revolutions  per  minute;  when 
joined  parallel  the  e.  m.  f.  is  equal  to  4 volts.  The  machine  weighs  5,500 
pounds,  of  which  the  copper  contributes  1,620.  By  15  horse-power  one  ton  of 
copper  can  be  deposited  per  day.  A comparison  with  the  corresponding 
ordinary  dynamo  (Fig.  248)  will  enable  the  reader  to  follow  the  modifications. 

As  an  example  of  a modern  dynamo  built  for  similar  work,  we  give  in  Fig.  741 
an  illustration  of  an  Elwell-Parker  dynamo.  The  machine,  which  at  first  sight 
might  be  taken  for  a two-pole  dynamo,  is  in  reality  a four-pole  machine.  It  is 
designed  to  give  1,500  amperes  at  50  volts  when  running  at  a speed  of  450  re- 
volutions per  minute.  The  armature  is  drum-wound,  there  being  80  wires  on  its 
periphery,  each  having  a cross-sectional  area  of  o‘2  square  inch  ; it  is  22  inches  in 
diameter  and  20  inches  long.  The  commutator,  as  in  all  machines  developing 
heavy  currents,  is  very  long  and  massive,  so  as  to  give  sufficient  bearing  surface 
to  the  brushes,  which  are  in  groups  of  five.  The  magnets  have  a simple  shunt 
winding,  the  wire  used  being  much  stouter  than  in  ordinary  shunt-wound 
machines.  Notwithstanding  the  heavy  current,  there  is  no  sparking  at  full  load. 
Arrangements  for  Preventing  the  Reversal  of  the  Poles.— With 


electrolytic  baths  care  has  to  be  taken  to  prevent  changes  due  to  the  polaris- 
ation of  the  electrodes.  At  the  starting  of  a dynamo-electric  machine,  the 
pneration  of  current  is  brought  about  by  the  weak  residual  magnetism  of  the 
iron  cores,  the  direction  of  the  current  depending  upon  the  polarity  caused  by 
the  residual  magnetism.  When  the  machine  stops  the  generation  of  current 
ceases,  and  the  current  produced  by  the  polarisation  of  the  electrodes  can  flow 
into  the  coils  of  the  machine.  Now  this  polarisation  current,  as  we  have  seen, 
flows  in  the  opposite  direction  to  the  primary  current ; hence,  if  allowed  to  flow 
through  the  coils  of  the  magnets,  it  may  reverse  their  polarity.  If,  then,  the 
tnachine  is  set  in  motion  again,  the  poles  are  changed,  making  the  anode  of 
the  bath  a kathode,  and  the  kathode  an  anode.  The  current  will  now  dissolve 
the  metal  at  that  place  where  it  was  deposited  before.  A reversal  of  the  poles 
may  thus  take  place  at  every  stoppage  of  a series  machine;  and,  indeed  if 
polarisation  IS  very  strong,  reversal  of  the  poles  may  take  place  even  when 
slackening  the  speed.  During  the  normal  speed  of  4 machine  change  of  polarity 
will  be  impossible,  as  only  such  machines  are  used  as  are  capable  of  furnishing 
currents  suitable  for  the  purposes  for  which  they  are  required. 


Fig.  741. — Elwell-Parkcr  Depositing  Dynamo. 
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There  are  three  ways  of  preventing  this  undesirable  change  of  polarity  : (i) 
by  making  the  magnets  independent  of  the  circuit  of  the  electrolytic  cells ; 
(2)  by  having  the  magnets  in  a shunt  circuit ; (3)  by  using  a current-breaker. 
The  magnets  are  independent  of  the  circuit  of  the  decomposition  cells  when 
machines  with  permanent  steel  magnets  are  used,  or  when  a small  generating 
machine  is  used  to  excite  the  electro-magnets ; or,  lastly,  when  a portion  of  the 
armature  coils  is  exclusively  connected  with  the  coils  of  the  electro-magnets. 
Gramme  adopted  this  principle  in  the  construction  of  his  first  machines,  and 


Fig.  742. — Arrangements  for  Neutralising  the  Effects  of  Polarisation  Currents. 


it  is  Still  adopted  by  Schuckert,  Fein,  and  others,  by  means  of  a double  ring  and 
two  commutators.  A separate  machine  for  the  electro-magnets  would  only  be 
economical  for  large  installations.  When  the  magnets  are  in  a shunt  circuit 
the  reversal  of  the  poles  by  the  polarisation  current  cannot  take  place ; this 
may  easily  be  seen  from  Fig.  742.  In  a the  current  coming  from  the  armature 
divides  at  f-^ ; one  branch  flows  to  the  bath,  the  other  to  the  coils  of  the 
electro-magnet ; the  two  branches  unite  again  at  f^.  In  b the  polarisation 
current,  which  has  the  opposite  direction  to  the  current  of  the  machine,  flows  to 
fy,  branches  off  here,  and  the  two  branches  unite  again  at  f,^.  In  both  a and  b 
the  current  flows  in  the  same  direction  through  the  coils  of  the  arms  of  the 
electro-magnets.  Gramme  prevented  the  change  of  poles  by  the  insertion  of 
an  electro-magnet  in  the  circuit,  the  armature  of  which,  when  attracted,  makes 
contact.  If  the  machine  stops  from  any  cause  the  armature  falls  off,  and  breaks 
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contact  between  the  machine  and  the  electrolytic  bath.  The  polarisation 
current,  therefore,  will  not  be  able  to  enter  the  electro-magnets,  and  cannot  alter 
their  polarity. 

The  E.  M.  F.  of  the  current  depends  upon  the  nature  of  the  bath;  well- 
conducting  baths  require  a lower  p.  d.  than  badly-conducting  ones,  such  as 
alkaline  baths,  for  instance.  It  follows  from  Ohm’s  law  that  the  current 
generated  by  a battery  is  a maximum  when  the  inner  resistance  is  equal  to  the 
outer  resistance ; it  is,  however,  well  in  practice  to  make  the  inner  resistance 
about  three-eighths  that  of  the  outer,  as,  by  using  galvanic  batteries,  the  strength 
of  current  does  not  remain  constant,  and  has  to  be  either  increased  or  diminished 
during  work.  At  the  commencement  of  every  operation  for  electro-deposition 
weak  currents  ought  to  be  used,  to  allow  the  particles  time  to  thoroughly  cover 
the  surface ; after  the  first  layer  has  been  deposited  a stronger  current  may  be 


743-— Electro-plating  Apparatus. 


Fig.  744. — Electro-plating  Apparatus. 


used  to  hasten  the  process.  It  is,  therefore,  necessary  to  use  a galvanometer  and 
an  adjustable  resistance. 

Fig-  743  represents  an  apparatus  in  which  the  source  of  electricity  and 
depositing  cell  are  in  one.  A glass  cylinder,  open  at  both  ends,  is  supported, 
as  shown  in  the  figure ; bladder,  parchment,  or  a similar  substance  is  tied  round 
the  bottom  of  the  cylinder.  In  the  place  of  this  inner  glass  vessel,  with  its 
porous  bottom,  a diaphragm  may  be  used,  as  in  galvanic  cells.  In  the 
inner  vessel  is  a zinc  plate,  and  the  object  to  be  plated  is  connected  with  the 
wire  of  the  outer  vessel.  The  outer  wire  has  a non-conducting  substance 
covering  it,  such  as  wax,  gutta-percha,  glass,  etc.  The  two  wires  are  connected 
by  means  of  a clamp.  The  inner  vessel  contains  dilute  sulphuric  acid,  the 
outer,  if  copper  is  to  be  separated  out,  a concentrated  solution  of  copper 
sulphate.  This  apparatus,  of  course,  can  only  be  used  for  copper  deposits  of 
small  objects,  and  then  only  for  such  objects  as  show  no  considerable  cavities 
or  protuberances,  and  require  the  deposit  only  on  one  side. 
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By  means  of  the  apparatus  of  Fig.  744,  which  is  at  the  same  time  a bath 
and  a battery,  different  objects  may  be  coated  with  copper.  A number  of  porous 
cells  are  placed  along  the  sides  of  the  outer  vessel  containing  copper  sulphate 
solution  ; each  of  these  porous  cells  has  a zinc  cylinder,  surrounded  by  dilute 
sulphuric  acid.  A circular  wire  connects  all  the  zincs,  and  is  also  connected 
with  the  crossed  wires  that  carry  the  objects. 

The  source  of  electricity  and  the  deposition  apparatus  are,  however,  always 
separate  when  electro-plating  is  carried  on  upon  a large  scale.  The  electro- 
plating tank,  as  a rule,  consists  of  some  kind  of  earthenware  that  will  with- 


Fig.  74S- — Electro -plating  Bath. 


Stand  the  effects  of  acid;  or  of  wood,  lined  with  gutta-percha,  as  shown  in 
Fig-  745-  Two  wires,  parallel  to  each  other,  are  fastened  upon  the  edge.  The 
outer  wire  frame,  which  lies  higher  than  the  inner,  carries  the  positive  clamp ; 
while  to  the  inner  lower  wire  the  negative  clamp  of  the  bath  is  fastened.  The 
metal  plates — silver  plates,  for  instance — are  hung  at  a distance  of  one  to  two  feet 
from  each  other ; the  cross-bars  to  which  they  are  fastened  rest  upon  the  cuter 
wire  frame , shorter  cross-bars  are  placed  betw-een  the  silver  plates,  from  which 
the  objects  to  be  silver-plated  are  suspended. 

The  Process  of  Electro-plating. — First  it  is  necessary  that  the  object 
to  e plated  be  scrupulously  clean,  so  that  no  chemical  compounds  may  be 
formed  between  the  metallic  deposit  and  the  object.  The  cleaning  of  the 
surface  may  be  effected  by  either  a mechanical  or  chemical  method.  Small 
0 jects  are  cleaned  by  means  of  stiff  brushes,  using  either  fine  sand  or  pumice- 
stone,  with  soap  and  water.  For  large  objects  metal  brushes  are  used,  and 
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a decoction  of  the  root  of  the  Saponaria  officinalis.  Some  forms  of  these 
brushes  are  shown  in  Fig.  746.  Cleaning  in  a chemical  way  is  effected 
by  mordants;  large  objects  are  immersed  in  the  liquid;  small  objects 
are  placed  in  sieves,  shown  in  Fig.  747,  consisting  of  materials  that  will  resist 
the  mordants.  The  mixture  of  acids,  or  “ brine,”  as  it  is  technically  called  (in 
German,  Brenne ; from  brennen,  to  burn),  is  intended  to  remove  all  manner 
of  impurities,  such  as  fats,  layers  of  oxide,  etc.,  without  injuring  the  object 
itself.  Sulphuric  acid,  for  instance,  would  form  with  lead,  or  alloys  of  lead,  a 
white  insoluble  salt— lead  sulphate.  Nitric  acid  with  zinc,  or  alloys  of  zinc, 
would  form  zinc  oxide,  etc.  The  acids,  then,  which  are  to  be  used  for  cleaning 
have  to  be  selected  according  to  the  nature  of  the  object  to  be  cleaned.  In 
cleaning  brass  sheets,  for  instance,  dilute  sulphuric  acid  is  first  used  in  order 
to  get  nd  of  the  dark  coating  of  copper  oxide;  the  sheets  are  then  well  washed 


Fig.  746. — Electro-Platers’  Brushes. 


Fig.  747. — Sieve. 


with  water  and  placed  in  concentrated  nitric  acid,  or  a mixture  containing  nitric 
and  sulphuric  acids ; to  this  mixture  organic  matter,  such  as  sawdust,  soot, 
snuff,  etc.,  is  frequently  added. 

Copper-Plating. — The  metals  usually  coated  with  copper  are  ; iron,  zinc, 
and  sometimes  tin ; as  zinc  and  iron  separate  out  the  copper  from  acid  solutions 
without  the  current,  it  is  necessary  to  use  alkaline  solutions  for  the  baths; 
such,  for  instance,  as  a mixture  of  copper  cyanide  (consisting  of  copper  and 
prussic  acid)  and  potassium  cyanide  and  water.  For  tin,  cast  iron,  and 
large  objects  of  zinc,  Roseleur  gives  the  following  mixture  : Sulphide  of  sodium, 
potassium  cyanide,  copper  acetate,  ammonia,  and  water.  To  avoid  the 
poisonous  compounds  of  cyanogen,  Weyl  recommends  the  following  for  the 
coppering  of  cast  iron,  rod  or  bar  iron,  and  steel : Copper  sulphate,  075  pound  ; 
sodium  or  potassium  tartrate,  3’25  pounds;  caustic  soda,  175  pounds:  and 
water,  17 ’5  pints.  The  vessel  to  hold  the  fluid  may  consist  of  earthenware 
or  wood,  lined  with  gutta-percha,  etc.  The  objects  to  be  coppered  are  hung 
from  thin  copper  wires  forming  kathodes ; from  three  to  twenty-four  are  put 
in  at  once,  as  may  be  required.  When  taken  out  the  objects  are  treated  with 
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water  and  a brush  • they  are  then  dried  in  sawdust,  and  placed  in  a room,  the 
temperature  of  which  is  about  50  degrees. 

To  deposit  brass  or  bronze,  Jacobi  and  Walker  give  the  following  process  : A 
copper  plate  immersed  in  a concentrated  potassium  cyanide  solution  is  connected 
with  the  positive  pole  of  a Daniell  two-cell  battery ; a second  plate  consisting  of 
another  metal  is  connected  with  the  negative  pole  of  the  battery  : copper  is  first 
dissolved  in  the  potassium  cyanide  solution  ; when  the  solution  is  saturated  with 
it,  copper  is  deposited  at  the  other  plate  (the  trial  plate).  As  soon  as  this  re- 
action takes  place  the  copper  plate  is  replaced  by  a zinc  plate,  and  the  latter  is  left 
long  enough  under  the  influence  of  the  current  for  brass  to  separate  out  at  the 
trial  plate.  The  brass  bath  is  now  ready,  and  instead  of  the  trial  plates,  the 
objects  to  be  coated  with  brass  are  immersed.  A zinc  and  a copper  plate  have 
to  be  used  when  iron  has  to  be  coated  with  brass.  Morris  and  Johnson  use  the 
following  mixture  : Ammonium  carbonate,  16  parts ; potassium  cyanide,  16  parts  ; 
copper  cyanide,  2 parts;  zinc  cyanide,  i part ; and  water,  160  parts.  This  bath 
is  used  both  hot  and  cold.  If  objects  are  to  be  coated  with  bronze  in  a similar 
way,  tin  is  used  instead  of  zinc. 

Gold-Plating. — The  gold  bath  is  usually  prepared  by  dissolving  i ounce 
of  potassium  cyanide  in  I'l  pints  of  water,  to  which  gold  chloride  is  added;  to 
make  the  bath  alkaline,  ammonia  is  added  ; it  may  be  used  cold,  but  when  used 
hot  the  colour  is  somewhat  improved,  and  the  coating  is  more  durable.  The 
concentration  of  the  solution,  the  shape  and  position  of  the  gold  anode  in 
relation  to  the  object,  as  well  as  the  strength  of.  current,  have  to  be  carefully 
studied,  For  partial  gilding  or  silvering,  the  portions  which  are  to  appear  in 
gold  or  silver  are  coated  with  white  lead  first,  whilst  the  remaining  parts  are 
varnished.  The  whole  object  is  then  immersed  as  positive  pole  in  a bath  of 
dilute  nitric  acid.  The  object  is  then  taken  out,  well  washed,  and  placed  as 
negative  electrode  in  a silver  or  gold  bath. 

Silvering.— Objects  which  have  to  be  coated  first  with  copper,  as  steel,  zinc, 
tin,  etc.,  are  brought  directly  from  the  copper  bath  to  the  silver  bath.  With  objects 
of  other  metals,  a mercury  bath  is  first  used,  which  is  prepared  by  dissolving 
mercuric  nitrate  in  water ; sulphuric  acid  is  added  to  this  solution  until  it  be- 
comes clear  again.  The  objects  remain  in  this  mercury  bath  until  they  have  a 
white  coating,  and  are  then  placed  in  the  silver  bath,  where  they  receive  a thin 
coating.  They  are  then  treated  with  the  brush,  and  again  placed  in  the  silver 
bath.  Silver-plated  objects,  as  a rule,  show  at  first  very  dull  surfaces;  the 
polish  IS  given  to  them  by  a burnisher  or  brush.  To  prevent  the  formation 
of  marks  and  irregularities,  owing  to  the  motions  in  the  fluid,  the  objects 
are  sometimes  kept  moving  by  clockwork.  In  the  establishment  of  Messrs. 
Flkinpon,  it  was  discovered  that  by  adding  carbon  disulphide  to  the  silver  bath, 
the  objects  came  out  of  it  with  a bright  surface,  making  the  polishing  un- 
necessary, and  thus  producing  cheaper  articles.  The  silver  bath  is  prepared 
from  2 pounds  of  potassium  cyanide,  3-8  ounces  of  silver  cyanide,  14-25  pints 
of  water,  and  2-4  ounces  of  carbon  disulphide. 
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If  objects  are  to  be  coated  with  gold  or  silver,  it  is  necessary  to  know  the 
weight  of  the  coating ; for  this  purpose  Roseleur  devised  the  apparatus  shown  in 
Fig.  748.  The  beam  of  a sensitive  balance  has  at  one  end  a tin  pan  s,  at  the 
other  end  the  metal  rim  r,  from  which  are  suspended  the  objects  dipping  in  the 
bath  B ; m is  a metal  pin  that  dips  into  a mercury  cup  n,  which  is  connected  with 
the  negative  pole  of  the  battery,  the  positive  pole  being  connected  with  the  anode 


Fig.  748 — Roseleur’s  Plating  Balance. 


a (drawn  in  the  figure  as  a simple  rod).  After  the  objects  have  been  fastened 
to  R,  their  weight  is  counterbalanced.  The  metal  pin  will  not  at  first  dip  into  «. 
Weights  equal  to  the  weight  of  the  metal  to  be  deposited  are  now  added. 
The  pin  m will  then  dip  into  the  mercury  cup  n.  Contact  is  made,  and  the 
metal  will  be  deposited  up  to  the  weight  on  the  pan ; as  soon  as  the  beam 
assumes  its  horizontal  position  again,  contact  is  broken,  and  no  further  deposition 
of  the  metal  will  take  place. 

Nickel-Plating. — Nickel  is  frequently  used  for  coating  objects.  Nickel- 
plated  objects  are  capable  of  high  polish,  and  resist  oxidation  well.  An  alkaline 
bath  produces  dark  precipitates,  but  a slightly  acidulated  or  neutral  bath  gives 
white  precipitates.  According  to  Roseleur  the  following  mixture  is  used  for  the 
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nickel  plating  of  iron  and  steel:  Nickelous  ammonium  sulphate,  2*2  pounds; 
ammonium  sulphate,  5'25  ounces;  water,  42  pints.  For  copper,  zinc,  tin,  and 
brass,  the  following:  Nickelous  ammonium  sulphate,  2‘2  pounds;  ammonium 
sulphate,  7 ounces;  water,  52-5  pints.  For  an  anode,  a rolled  nickel  plate 
suspended  from  a nickel  wire  is  used.  The  slightest  amount  of  copper  in  the 
bath  gives  a yellow  colouration  to  the  nickel-plated  objects.  Sodium  sulphate, 
which  precipitates  all  the  metals  except  nickel,  is  often  added  to  the  bath. 

Objects  are  also  coated  with  platinum,  lead,  zinc,  tin,  iron,  cobalt,  and 
many  other  metals  too  numerous  to  mention.  Not  only  metallic  bodies,  but 
objects  of  glass,  porcelain,  etc.,  may  receive  electro-depositions.  To  coat  the 
inside  of  metal  tubes,  Towle  gives  the  following  plan  : The  tube  E F,  the  inside 
of  which  is  to  be  coated,  is  placed  upon  a frame  a b cd.  Fig.  749.  The  rod  ab 


consists  of  the  same  metal  as  that  with  which  the  sides  of  the  tube  have  to  be 
coated ; ^ is  a copper  wire  covered  with  gutta-percha ; g,  e,  and  /are  india-rubber 
stoppers,  to  prevent  contact  of  a ^ with  the  inside  of  the  tube.  The  metallic 
salt  solution  is  then  introduced  so  as  to  entirely  cover  the  rod  a b,  the  copper 
wire  c is  connected  with  the  positive,  and  the  tube  with  the  negative  pole  of  a 
battery  g.  To  make  the  deposit  uniform,  the  metal  rod  a b is  moved  up  and 
down,  and  the  tube  itself  turned  several  times. ' 

The  Postal  Telegraph  Company,  New  York,  uses  200  copper  baths,  and 
25  large  dynamo-electric  machines,  for  the  coppering  of  steel  telegraph  wire.s. 
From  every  ton  of  copper  used  for  the  baths,  15  to  20  ounces  of  silver  are 
obtained,  being  separated  out  by  the  electric  current.  According  to  the  Engi- 
neering and  Mining  Journal,  this  covers  the  direct  expenses  of  the  coppering 
process.  In  1883,  two  hundredweight  of  wire,  having  a length  of  10  English 
miles,  were  coated  with  five  hundredweight  of  copper  per  day. 

The  electric  current  is  also  used  for  freeing  objects  from  excess  of  metal,  by 
making  the  object  the  positive,  and  the  plate  the- negative  electrode.  This 
method,  for  instance,  is  used  for  adjusting  the  weights  of  coins.  For  the  ad- 
jUbtment  of  coins  that  have  very  nearly  the  same  overweight,  an  apparatus 
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such  as  is  shown  in  Fig.  750  may  be  used.  The  coins  that  are  too  light 
can  be  similarly  adjusted.  In  the  Indian  mints  both  kinds  of  adjusting  are 
brought  about  at  the  same  time.  Two  frames  are  placed  in  the  potassium 
cyanide  bath  ; coins  which  are  too  heavy  are  placed  in  one,  those  that  are  too 
light  in  the  other  frame.  The  coins  which  are  too  light  are  then  connected  with 
the  negative  pole,  and  those  that  are  too  heavy  are  connected  with  the  positive 
pole.  At  the  mints  of  Bombay,  5,000,000  coins  are  adjusted  annually  by 
this  method,  the  weight  of  the  coined  silver  being  1,297  tons.  Compared 
with  the  older  method,  the  new  plan  caused  a saving  of  ;^i,4oo  sterling 
per  annum. 


Fig.  750. — Adjusting  Coins. 


Electrotyping. — By  electrotyping  proper  is  meant  that  process  which  pro- 
duces a metal  coating  sufficiently  strong  to  be  removed,  and  to  form  an  indepen- 
dent object.  The  metal  in  solution  is  separated  out  at  the  kathodes ; when 
separated  it  proves  to  be  a faithful  copy  j the  only  difference  is  that  the  raised 
portions  are  sunk,  and  the  sunk  portions  are  raised  in  the  copy ; the  copy,  there- 
fore, forms  a negative  of  the  original.  To  obtain  a positive  copy,  a cast  has  to  be 
taken  from  the  negative.  The  negative  is  called  the  mould  or  matrix.  Moulds 
are  very  simply  prepared  ; if  the  object  to  be  copied  is  a conductor,  it  is  placed 
in  a bath,  as  a rule,  consisting  of  a slightly  acidulated  solution  of  copper 
sulphate,  and  connected  with  the  negative  pole  of  the  source  of  electricity. 
The  deposit  portion  of  the  object  is  covered  with  a non-conducting  substance, 
as,  for  instance,  wax,  varnish,  etc.,  so  that  it  may  be  easily  removed.  Although 
moulds  prepared  in  this  manner  are  very  strong  and  exact,  they  are  very 
expensive  and  require  much  labour.  The  substances  usually  employed  for 
moulds  are  : alloys,  lead,  sealing-wax,  wax,  gutta-percha,  etc.  Of  the  alloys, 
only  those  can  be  employed  that  melt  at  a low  temperature,  as,  for  instance, 
Rose’s  metal,  which  consists  of  2 parts  of  bismuth,  i part  of  tin,  i part  of  zinc, 
and  melts  at  94°  C.  Wood’s  alloy,  which  melts  at  76°  C.,  consists  of  2 parts 
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of  cadmium,  8 parts  of  bismuth,  4 parts  of  lead,  and  2 parts  of  tin.  For  objects 
that  can  stand  a temperature  of  108°  C.,  Bbttcher  recommends  an  alloy  that 
melts  at  this  temperature,  and  gives  very  fine  and  accurate  casts ; it  consists  of  8 
parts  of  bismuth,  8 parts  of  lead,  and  3 parts  of  tin.  Moulds  of  these  or  similar 
alloys  are  obtained  in  different  ways.  As  a rule,  the  alloy  is  poured  upon  a 
horizontal  surface,  and  the  coin  or  object  of  which  a cast  is  required  is  pressed 
upon  the  mass.  When  the  alloy  has  hardened  it  is  immersed  in  the  bath  as 
kathode.  It  is  difficult  to  prevent  the  formation  of  oxides  on  the  surfaces  of 
the  alloys  ; hence,  where  very  accurate  copies  are  required,  it  is  better  to  use 
gypsum  moulds,  or  moulds  of  similar  substances.  Gypsum  casts  may  be  taken 
of  objects  consisting  themselves  of  gypsum,  wood,  marble,  metal,  etc.,  by 
using  plaster  of  Paris  of  the  best  quality  made  into  a paste  by  mixing  2\ 
parts  of  water  with  i part  of  plaster  of  Paris.  In  order  to  enable  the  mould  to 
be  easily  separated  from  the  object,  if  the  latter  consists  of  metal,  it  is  well  oiled; 
in  other  cases  the  object  is  coated  with  graphite  or  a solution  of  soap.  The 
cast  of  a coin  is  obtained  by  Brandley  in  the  following  manner : Paper  is  wound 
round  the  edges  of  the  coin  to  be  copied,  so  as  to  form  a flat  vessel,  the  bottom 
of  which  is  formed  by  the  coin,  and  the  walls  by  the  paper.  The  coin  is  then 
oiled,  and  the  plaster  of  Paris  paste  placed  upon  it ; to  prevent  air  bubbles 
remaining  behind  in  the  gypsum,  it  is  advisable  first  to  coat  the  coin  with  a thin 
layer  of  plaster  of  Paris  by  means  of  a brush,  and  then  add  plaster  of  Paris  to  the 
desired  thickness.  After  the  plaster  of  Paris  has  hardened,  the  paper  is  removed 
from  the  edges  of  the  coin,  and  the  mould  can  then  be  easily  separated  from  the 
original.  The  mould,  with  the  impression  upwards,  is  then  allowed  to.  dry  either 
in  the  sun  or  an  oven.  Very  uniform  surfaces  are  obtained  by  immersing  the 
mould  in  molten  wax,  stearin,  and  similar  substances,  for  the  purpose  of  filling  up 
the  pores  of  the  gypsum  mould.  When  the  object  to  be  copied  is  of  such  a shape 
as  to  make  the  removal  of  the  mould  difficult,  it  has  to-  be  made  in  sections 
— but  even  then  it  is  desirable,  of  course,  to  have  as  few  portions  as  possible. 
The  object,  after  having  been  oiled  or  soaped,  has  a certain  portion  coated  with 
plaster  of  Paris  paste.  When  hardened,  the  cast  is  removed  and  its  edges 
smoothed  and  soaped.  It  is  then  placed  in  its  position  again,  and  a second 
portion  of  the  object  treated  similarly,  until  the  whole  is  copied.  The  different 
portions  are  held  together  by  a layer  of  gypsum,  which  covers  the  whole  of  the 
outside  portions.  In  some  cases  the  deposits  are  made  from  the  several  portions, 
and  then  soldered  together. 

The  mixture  given  by  Riess  for  taking  casts  will  be  found  of  use : it  con- 
sists of  4 parts  of  molten  asphalte,  12  parts  of  white  wax,  4 parts  of  stearin, 
2 parts  of  tallow ; soot  is  added  to  the  paste  until  it  is  of  a deep  black  colour. 
The  sticking  of  this  material  to  the  original  is  prevented  by  mixing  with  it 
finely-powdered  plaster  of  Paris.  If  the  object  to  be  copied  consists  of  gypsum, 
it  is  placed  in  lukewarm  water,  is  taken  out  when  the  water  has  well  entered  its 
pores,  and  the  paste  is  then  applied  to  it. 

Gutta-percha  is  of  very  great  service  for  the  making  of  moulds.  This  is 
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obtained  from  the  pine  of  the  Isonandra  gutia,  which  belongs  to  the  family 
Sapotaceae,  and  is  found  in  the  neighbourhood  of  Malacca,  and  Borneo.  For 
copies  from  small  objects  the  mass  is  simply  softened  by  the  heat  of  the  hand 
and  pressed  upon  the  original;  when  the  gutta-percha  hardens,  it  is  easily 
removed  from  the  object,  provided  it  was  well  coated  with  graphite  before  it 
was  used.  To  copy  larger  objects,  some  kind  of  press  has  to  be  used  For 
very  delicate  objects,  a mixture  of  10  parts  of  glue  and  i part  of  brown  sugar 
forms  a suitable  paste. 

After  the  moulds  have  been  made  they  are  prepared  for  the  bath.  This 
preparation  is  very  simple.  When  the  mould  consists  of  metal,  all  that  is 
required  is  either  to  give  it  a very  thin  coating  of  oil,  or  to  coat  it  with  a 
layer  of  graphite,  or  with  a metal  film.  Such  films,  for  instance,  are  easily 
produced  upon  copper  plates  by  exposing  them  to  iodine  vapours,  which  con. 
verts  the  copper  into  copper  iodide.  When  exposed  to  sun-light,  the  latter 
is  again  decomposed,  the  iodine  escapes,  and  a thin  film  of  powdered  copper 
remains  upon  the  plate.  If  the  mould  consists  of  a material  that  is  not  a good 
conductor  of  electricity,  we  have  first  to  ascertain  whether  it  has  a smooth 
or  porous  service.  Porous  moulds  of  wood  or  gypsum,  for  instance,  must  have 
smooth  surfaces  before  they  are  made  to  conduct  electricity.  This  is  usually 
obtained  by  dipping  them  into  molten  wax  or  stearin.  Graphite  is  mostly  used 
for  the  purpose  of  making  the  mould  conduct  electricity.  The  best  quality 
is  used  in  the  form  of  a fine  powder,  and  is  applied  to  the  mould  by  means  of 
a brush.  The  success  of  the  electro-deposition  depends  upon  the  uniformity 
of  the  graphite  coating.  Graphite,  in  comparison  with  the  metals,  is  a bad 
conductor  of  electricity ; hence  attempts  have  been  made  to  substitute  metals 
for  making  conducting  surfaces  for  the  moulds ; for  this  purpose  silver  com- 
pounds are  mostly  used.  In  order  to  coat  the  object  with  sulphide  of  silver,  it 
is  usually  placed  in  an  alcoholic  solution  of  silver  nitrate ; care  is  taken  that  the 
fiuid  is  uniformly  applied,  and  that  no  fluid  is  allowed  to  remain  behind  in  the 
crevices  where  it  might  crystallise,  and  thus  interfere  with  the  electro-deposition. 
The  mould  while  wet  is  exposed  to  a stream  of  sulphuretted  hydrogen. 

After  the  surface  of  the  mould  has  been  made  a conductor  of  electricity, 
it  has  to  be  connected  with  the  wire  from  the  source  of  electricity.  Metallic 
moulds  have  the  wire  soldered ; moulds  of  gutta-percha,  wax,  etc.,  have  the 
hot  wire  simply  stuck  in.  For  round  objects,  such  as  medals  or  coins,  it 
is  well  to  allow  the  wire  to  surround  the  mould.  Connection  is  made  by 
allowing  the  graphite  or  metal  layer  to  extend  to  the  wire.  All  the  metallic 
portions  that  are  to  have  no  deposition  must  be  covered  with  substances  such 
as  gutta-percha,  wax,  etc.,  which  do  not  conduct  electricity. 

The  simplest  form  of  this  kind  of  electro-deposition  is  the  reproduction 
of  coins  and  medals.  The  apparatus  generally  used  is  shown  in  Fig.  751.  To 
the  copper  bar  a b the  copper  plates  k k are  fastened,  and  arranged  in  the 
trough  A,  as  shown  ; wires  m m,  from  which  the  coins  and  medals  are  hung, 
are  connected  with  the  zinc  rod  c d,  the  portions  of  mm  which  rest  upon 
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the  copper  rod  « b being  insulated.  The  battery  d d has  its  negative  pole 
(zinc  pole)  connected  with  the  zinc  pole  of  the  bath,  and  therefore  with  the 
coins  and  medals,  and  the  positive  pole  is  connected  with  the  copper  rod  and 
copper  plates.  Air-bubbles,  which  would  interfere  with  the  uniform  deposition 
of  the  copper,  may  be  prevented  by  either  immersing  the  moulds  in  alcohol 
before  bringing  them  to  the  bath,  or  by  gently  heating  the  bath,  or  by  removing 
them  with  a hair  brush.  The  bath  is  made  of  pure  copper  sulphate  and  distilled 
water  slightly  acidulated  with  sulphuric  acid.  To  maintain  it  in  a concentrated 
condition,  a little  sack  containing  crystals  of  copper  sulphate  is  placed  in  it. 
The  copper  deposits  may  afterwards  be  coated  with  silver  or  gold  as  described. 

The  reproduction  of  busts,  statues,  etc.,  is  the  most  difficult  branch  of  the 
business  of  electro-deposition.  Lenoir  thus  describes  the  process  : One  half  of  the 


Fig.  751. — Electrotype  Apparatus. 


Statue  is  covered  with  gypsum,  and  at  the  edges  of  this  gypsum  holes  are  made ; the 
remaining  portion  of  the  statue  is  then  covered  with  a mixture  of  gutta-percha, 
resin,  and  fat,  having  projections  to  meet  the  apertures  made  in  the  first  half. 
When  this  substance  has  become  hardened,  the  gypsum  cover  is  removed  from 
the  statue,  leaving  the  mixture  with  its  projections  on  the  statue.  The  second 
half  of  the  statue  is  then  covered  with  the  mixture,  and  after  the  substance  has 
hardened,  the  inside  of  this  mould,  consisting  of  two  halves,  is  coated  with 
graphite.  The  two  portions  of  the  mould,  which  hold  together  by  the  pegs  and 
holes,  are  then  ready  to  be  placed  in  the  bath. 

In  order  that  the  copper  may  be  uniformly  deposited,  an  anode  that  has 
something  the  same  shape  as  the  mould  is  placed  inside  it,  so  as  to  be  at  fairly 
equal  distances  from  each  side  of  it.  It  is  not  advisable  to  have  the  anode  of  the 
same  metal  as  that  separated  out  by  electrolysis.  Lenoir  uses  a frame-work 
of  platinum  wire,  which  is  so  placed  inside  the  mould  as  not  to  touch  it  at  any 
point.  In  Fig.  752,  a presents  the  vessel ; it  is  a wooden  trough,  well  varnished, 
containing  the  copper  sulphate  solution ; b is  the  mould,  with  its  platinum 
anode ; the  several  platinum  wires  are  united  at  a,  and  fastened  to  one  of  the 
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metal  pins  s on  the  bar  x x,  which  is  connected  by  means  of  the  wire  k.  to  the  ■ 
positive  pole  of  the  source  of  electricity ; the  wire  z coming  from  the  negative  ■ 
pole  is  connected  with  the  graphite  layer  by  means  of  the  screw  c and  copper  ■ 
strip  k.  To  maintain  the  solution  concentrated,  little  sacks,  containing  crystals  i 
of  copper  sulphate,  are  placed  in  the  bath.  When  the  copper  begins  to  separate  ■ 
out,  the  solution  inside  the  mould  contains  an  increasing  proportion  of  sulphuric  : 
acid.  As  copper  sulphate  has  a greater  specific  gravity  than  sulphuric  acid,  the  ; 
former  will  enter  the  mould  from  below,  and  push  the  latter  upwards  until  it : 
comes  in  contact  with  the  crystals  of  copper  sulphate,  when  it  will  dissolve  : 
them.  As  platinum  frames  are  expensive,  Sonolet  substitutes  lead.  Lead, , 

when  used  as  the  anode,  becomes  i 
coated  with  a brown  layer  of  oxide,  , 
which  protects  it  from  further  reac- 
tions, and  also  favours  the  generation 
of  oxygen.  The  lead  core,  which  is 
to  serve  as  anode,  is  shaped  roughly 
like  the  body,  and  is  then  perforated 
so  as  to  allow  the  fluid  to  circulate 
freely. 

When  one  copy  only  is  required, 
moulds  of  stearin  or  wax  are  generally 
used,  the  mould  being  made  to  con- 
duct electricity,  and  care  being  then 
taken  that  the  copper  is  uniformly 
deposited  to  about  the  thickness  of  a 
sheet  of  paper.  The  mould  is  then 
placed  in  hot  water.  The  wax  melts  and  flows  out  of  the  thin  copper  case, 
which  is  carefully  cleaned  inside  by  means  of  potash  and  alcohol,  and  then 
coated  outside  with  wax.  When  now  brought  into  the  bath,  copper  will  be 
deposited  inside  to  the  desired  strength. 

Fac-similes  of  Very  Large  Objects. — There  are  two  ways  of  obtaining 
very  large  objects  : either  the  deposits  are  produced  separately  and  soldered 
together,  or  the  whole  deposit  is  made  at  once.  For  the  first  method  a cast  of 
the  object  is  first  obtained,  and  then  divided  into  as  many  portions  as  desired. 
These  portions  are  brought  separately  into  the  bath.  The  edges  of  the 
deposits  are  smoothed,  fitted  well  together,  and  covered  by  a wire  frame 
for  keeping  the  several  portions  together,  the  junctions  are  then  soldered. 
Christophle,  of  Paris,  prefers  to  obtain  the  copper  deposit  in  one  piece,  and  uses 
for  this  purpose  a lead  core  for  anode. 

Objects  obtained  by  electro-deposition  are  preferable  to  those  obtained  by 
casting ; and  the  former  method  is  both  simpler  and  cheaper.  Electro  deposits 
are  also  homogeneous,  tenacious,  and  malleable,  and,  as  experiments  have 
clearly  proved,  are  not  so  porous  as  casts.  Bouilhet  exposed  two  similarly- 
shaped  plates  (the  one  cast,  the  other  obtained  by  electro-deposition)  to  a 
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hydraulic  pressure.  Water  passed  through  the  cast  plate  at  a pressure  of  twelve 
atmospheres,  whilst  the  plate  obtained  by  electro-deposition  sustained  a pressure 
of  twenty  atmospheres  before  water  was  observed  to  pass  through  it.  To 
produce  a simple  plate  by  the  method  of  electro-deposition  is  about  twice  as 
expensive  as  to  produce  the  same  plate  by  casting;  but  when  a copy  of  a 
statue  has  to  be  produced  in  metal,  it  would  be  far  more  expensive  to  have  it 
cast  than  to  reproduce  it  by  means  of  electro-deposition.  In  the  production 
of  objects  of  art  by  casting,  the  metal  is  not  allowed  to  have  a thickness  of 
less  than  to  of  an  inch ; not  that  this  thickness  is  required  for  the  sake  of 
durability,  but  simply  because  it  cannot  be  produced  thinner.  Even  for  the 
largest  objects  that  have  to  resist  the  influence  of  temperature  for  any  length  of 
time,  the  metal  need  not  be  thicker  than  o'o6  of  an  inch,  for  the  inside  of  the 
figure  can  be  supplied  with  a framework,  etc.,  which  will  insure  durability- 
Statues  produced  by  the  method  of  deposition,  as  a rule,  have  a thickness  of 
from  ^ to  ^ of  an  inch  of  pure  copper,  which  might  be  increased  at  pleasure  by 
a mixture  of  lead  and  tin,  or  copper  and  zinc.  In  many  cases  the  metal  need 
only  be  very  thin,  so  that  it  would  be  a great  waste  of  metal  to  have  the  object 
cast. 

Maps. — Electro-deposition  is  greatly  used  in  the  geographical  arts.  O.  Volk- 
mer.  Secretary  of  the  Technical  Department  in  the  Geographical  Institute,  Vienna, 
has  given  the  following  details  in  his  report  respecting  methods  of  producing 
printing-plates  for  maps,  etc.,  by  electro-deposition  instead  of  having  them 
engraved.  The  process  is  as  follows  : From  the  original  drawing,  which  has  to  be 
very  distinctly  and  finely  drawn  in  Indian  ink,  a reversed  and  reduced  photo- 
graphic negative  is  taken.  The  reduction  of  four-fifths  or  three-fourths  of  the 
original  size  insures  a clearer  copy  of  the  original.  From  this  negative  a gelatine 
relief  is  taken ; for  this  purpose  paper  is  covered  with  a coloured  gelatine 
solution,  and  then  treated  with  a solution  of  potassium  bichromate.  The  paper 
being  thus  prepared,  when  wet  and  exposed  to  light,  the  gelatine  will  not  dissolve 
at  the  uncovered  portions,  but  will  do  so  at  the  covered  portions.  To  obtain 
the  gelatine  relief,  the  paper  is  put  into  a frame  and  exposed  to  sun  or  electric 
light.  The  pigment  paper  is  then  placed  with  its  front  side  upon  a silver-plated 
copper  plate  under  water.  The  plate  is  afterwards  placed  in  cold  water  to  remove 
the  potassium  bichromate,  and  again  in  warm  water,  having  a temperature  of  30° 
to  35°  Reaumur  (100®  to  no®  F.),  to  develop  the  gelatine  relief  upon  the  silver- 
plated  copper  plate.  The  relievo  is  then  again  treated  with  distilled  Avarm  water, 
until  the  lines  are  well  defined  upon  the  bright  silver  surface.  After  the  plate 

re^ef  twelve  hours  it  possesses  a steel-hard 

The  gelatine  relief  is  made  to  conduct  electricity  by  coating  it  with 
graphite,  and  it  is  then  placed  in  a bath  ; care  is  taken  that  deposition  takes 
p ace  pretty  rapidly  , after  about  an  hour  the  plate  is  taken  out  and  well  cleaned, 
and  It  IS  then  placed  again  in  the  copper  bath,  and  left  in  it  for  about  three  to 

r weeks.  The  cast  is  now  removed,  and  irregularities  corrected.  Perfectly 
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well  defined  pictures  are  only  obtained  by  this  method  after  some  copies  have 
been  taken. 

Reproduction  of  Copper  Plates. — The  copper  plate  is  first  silver- 
plated,  then  passed  through  a solution  of  iodine  in  alcohol  (i  part  of  iodine  in 
20,000  parts  of  alcohol),  and  is  then  exposed  to  the  light.  A very  fine  layer  of  I 
silver  iodide  is  produced,  which  facilitates  the  removing  of  the  copper  deposit. 
If  the  original  is  a steel  plate  the  copper  bath  must  not  consist  of  copper  i 
sulphate,  because  copper  would  be  deposited  without  the  current,  and,  at  the : 
same  time,  steel  would  dissolve. 

Electrotype  Art  Processes. — To  replace  expensive  wood  engravings, , 
a copper  plate  is  blackened  with  sulphide  of  potassium,  and  then  coated  with  : 
a thin  layer  of  wax.  The  drawing  is  then  made  with  a needle.  An  electrotype  : 
copy  is  made  of  this  drawing  and  fastened  to  a wood  block ; very  good  copies 
have  been  obtained  by  this  method.  This  process  has  been  known  for  many 
years  under  the  name  of  glyphography.  More  recently,  paraffin  has  been 
substituted  for  the  wax,  and  gives  much  better  results,  not  being  so  apt  to  clog 
the  lines.  It  is  also  whiter,  which  is  better  Tor  the  eye  of  the  artist.  The  black 
ground  is  now  usually  produced  by  a thin  coat  of  oxide  of  silver. 

Fac-simile  copies  of  whole  pages  of  type  are  now  largely  prepared  by  electro- 
deposition, taking  the  place  on  the  printing  machine  of  both  the  original  type,  and 
the  stereotyped  plates  of  type-metal  formerly  used.  These  copper  plates  are  both 
far  more  durable,  and  in  colour-printing  give  more  brilliant  colours,  which  were  apt 
to  be  dulled  by  contact  with  the  lead  of  the  type-metal.  Indeed  for  some  delicate 
colours  it  is  even  found  advisable  to  deposit  on  the  face  of  the  copper  a further 
thin  film  of  silver.  The  moulds  from  the  type  are  usually  taken  in  a plate  of  cold 
wax  by  the  pressure  of  a hydraulic  press,  and  this  is  blackleaded  with  unusual 
care,  and  with  the  finest  black  lead,  else  the  very  small  countless  depressions 
formed  by  the  type  would  escape.  To  avoid  small  air-bubbles  in  these  de- 
pressions was  for  many  years  a great  difficulty,  but  it  is  now  easily  surmounted  by 
the  simplest  means : the  mould  is  held  under  a high-pressure  stream  of  water 
till  all  the  air  is  driven  out,  and  the  mould  is  thoroughly  wetted  to  the  bottom  of 
the  smallest  crevice.  Copper  is  deposited  as  usual,  either  by  battery,  or  more 
usually  of  late  by  dynamo  machines.  The  copper  “ shell,”  or  fac-simile,  when  re- 
moved and  washed,  is  filled  to  the  depth  of  a quarter  of  an  inch  with  melted  type 
or  softer  metal.  The  heat  of  this  process  more  or  less  warps  the  fac-simile  face  of 
the  shell,  which  should  be  a true  plane  ; and  this  is  now  remedied  by  punching 
up  the  metal  from  behind  upon  a true  iron  surface.  Finally  the  plate  is  fixed  in 
a lathe  or  planing  machine,  and  the  back  made  smooth  and  parallel  to  the  face, 
after  which  the  plate  is  mounted  to  the  same  height  as  movable  types  on  blocks 
of  metal  or  wood.  Some  large  printing  offices  occupy  two  or  more  dynamos 
more  or  less  constantly  at  this  kind  of  work. 

Wood  engravings  are  also  copied  in  the  same  way,  and  the  fine  illustrated 
works  now  published  monthly  or  weekly  in  nearly  every  large  city  in  Europe  are 
almost  exclusively  printed  from  electrotype  duplicates  of  the  original  wood 


Electrotyping. 


765 


engravings.  Indeed  they  could  be  printed  in  no  other  way ; because  a large 
engraving  is  composed  of  many  pieces  of  box-wood  screwed  together,  and  in 
printing  from  the  wood  it  would  be  almost  impossible  to  prevent  some  of  the 
“ joins  ” in  the  wood  from  appearing.  In  the  solid  copper  duplicate  all  such 
blemishes  are  carefully  dressed  down  and  repaired  before  printing. 

Copying  from  Nature. — Plants,  insects,  etc.,  are  copied  in  the  following 
manner  by  Auer  in  the  Government  office  at  Vienna  : The  plant  is  placed 
between  sheets  of  blotting-paper,  pressed,  and  allowed  to  dry ; it  is  then  placed 
in  water,  and  again  left  to  dry.  The  plant  is  then  laid  upon  a smooth  lead 
plate,  covered  with  a steel  plate,  and  exposed  to  pressure,  and  a mould  is 
obtained  from  the  impression  left  on  the  lead  ; the  copper  plate  prepared  from 
this  mould  is  used  in  the  press. 

For  etching  plates  Smee  gives  the  following  directions  : 

The  copper  plate  is  covered  with  a substance  such  as  wax,  pitch,  resin,  etc. 
The  drawing  is  then  made  with  a needle  so  that  the  bright  copper  is  visible. 
The  plate  is  then  placed  in  a copper  bath,  forming  the  positive  electrode.  The 
oxygen  given  off  at  the  positive  electrode  oxidises  the  copper  at  the  bright 
portions,  and  this  oxide  dissolves  in  the  sulphuric  acid.  At  the  negative 
electrode,  which  is  also  a copper  plate,  copper  which  is  separated  out  is  de- 
posited. When  etchings  are  required  which  are  not  uniform,  the  copper  plate 
must  be  taken  out  of  the  bath,  and  the  portions  that  are  not  to  be  etched  further 
must  be  covered  with  wax. 
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THE  TELEPHONE. 

Reis  s Telephone.— It  was  discovered  by  Page,  in  1837,  that  an  iron  bar, 
Then  magnetised  and  demagnetised  at  short  intervals,  emits  sounds;  and  on 
the  basis  of  this  experiment  Philip  Reis  constructed  his  first  telephone.  Philip 
Reis  was  born  on  the  7th  of  January,  1834 ; he  received  a good  elementary 
education,  and  entered  a business-house  when  16  years  of  age,  but  for  some  years 


Fig.  753- — Reis’s  Telephone. 


devoted  his  leisure  time  to  the  study  of  mathematics,  chemistry,  and  physics, 
attending  lectures  delivered  at  the  commercial  institute.  He  left  business,  how- 
ever, and  entered  Dr.  Poppe’s  establishment  at  Frankfurt,  to  qualify  himself  for  a 
teacher.  The  first  apparatus  made  by  Reis,  according  to  Dr.  Messel,  consisted  of 
a beer-barrel,  in  the  bung-hole  of  which  a small  cone  was  placed,  covered  at  its 
smaller  end  with  an  animal  membrane,  upon  which  a small  platinum  strip  or  wire 
was  fastened  by  means  of  sealing-wax.  The  receiver  consisted  of  a violin,  upon 
which  a knitting-needle,  having  a coil  wound  round  it,  was  fastened.  The 
transmitter  was  afterwards  made  in  the  form  of  the  human  ear  (Fig.  753).  Here 
the  platinum  wire  f was  fastened  to  the  membrane  M by  means  of  sealing-wax, 
and  a platinum  contact  l,  fixed  to  the  spring  r,  was  placed  opposite  f.  A screw 
v adjusted  the  spring.  The  wires  p p'  connected  the  apparatus  with  the  battery. 
When  sound-waves  made  the  membrane  m vibrate,  the  circuit  p _/  l r and  p’ 
was  made  when  f and  L touched  each  other,  and  broken  when  they  parted. 
The  last  modification  of  the  apparatus  is  shown  in  Fig.  754.  It  consists  of  three 
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parts,  A (the  sender),  b (the  battery),  c (the  receiver).  These  three  portions 
are  connected  with  each  other  by  means  of  wires.  The  upper  portion  of  a is 
shown  separately  at  d.  m m is  the  tympanum  of  stretched  membrane,  having 
attached  to  it  j,  the  platinum  strip.  When  the  membrane  vibrates,  in  response 
to  the  impulses  of  sound,  this  elastic  strip  of  platinum  beats  to  and  fro  against 
a tip  of  metal,  altering  the  degree  of  contact  at  each  vibration.  The  angular 


■Fig-  754- — Reis’s  Telephone. 


piece  « b,  which  carries  the  contact-tip,  is  made  of  brass,  and  dips  at  # into 
the  mercury-cup.  to  wh.ch  the  battery  wire  is  brought ; the  receiver  c consists 

cL“.”d  inch  thick,  round  which  th^ 

coil  ,M  IS  wound.  The  rapid  magnetisation  and  demagnetisation  of  this  iron 

ri  ch  and  therefore  the  same 

tat  lime  to  tof  pT®  Td’’'  apparatus  for  the 

hrs  time  to  the  Physical  Society  of  Frankfurt  in  1861.  Much  has  been  said 

“sorroni:  “ptf”  -pable  of  transmtai^  words' 

.hich  Re“is  wrote  to  R J ^skoZ 
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From  this  letter  we  translate  the  following  extract: — “The  apparatus  gives 
whole  melodies  in  any  part  of  the  scale  between  C and  c'"  well,  and  I assure 
you,  if  you  will  come  and  see  me  here,  I will  show  you  that  words  also  can  be 
made  out.”  Reis  was  well  aware  of  the  importance  of  his  invention,  which,  at 
that  time,  was  treated  as  a toy.  He  remarked  to  Gamier  “ that  he  had  shown 
to  the  world  a road  to  a great  discovery,  but  left  it  to  others  to  follow  it  up.” 
Reis  died  in  1874.  Although  the  priority  of  the  German  inventor,  Philip  Reis, 
cannot  be  disputed,  Reis’s  telephone  had  to  undergo  many  modifications  before 
it  could  be  utilised  for  practical  purposes.  S.  Yeates  (1865),  Wright  (1865), 
C.  Varley  (1877),  C.  and  L.  Wray  (1876),  E.  Gray  (1874),  Van  Der  Weyde, 


Fig.  755- — Pollard  and  Garnier’s  Singing 
Condenser. 


^'g-  756- — Janssens’  Telephonic 
Apparatus. 


and  Pollard  and  Gamier,  all  tried  to  bring  the  telephone  to  a state  of  greater 
perfection.  The  singing  condenser,  simplified  by  Pollard  and  Gamier,  is  shown 
in  Fig.  755  ; r/d?  is  the  condenser,  consisting  of  tin  foil  placed  between  pieces 
of  paper.  The  transmitter  consists  of  a wooden  ring,  which  is  closed  by  means 
of  the  thin  iron  plate,  cc,  over  which  the  mouth-piece  e is  arranged ; k,  the 
contact-piece,  consists  of  retort  coke,  and  is  fastened  immediately  opposite  the 
narrow  opening  of  the  mouth-piece,  i.e.  in  the  centre  of  plate  c c.  k^,  of  the  same 
material,  can  be  adjusted  by  means  of  the  screw  v and  wooden  bar  h.  When  the 
iron  plate  ccis  at  rest,  k do  not  touch  each  other,  but  they  will  make  contact 
on  the  slightest  vibration  of  the  plate,  allowing  the  current  of  the  battery  b 
to  pass.  This  battery  consists  of  six  Leclanchd  cells.  One  of  the  clamps  p 
is  connected  with  k,  and  the  other  p'  with  One  pole  of  the  battery  is 
connected  with  one  of  these  clamps  p\  the  other  with  the  primary  circuit  of  the 
induction  coil  s.  From  the  terminals  of  the  condenser  the  wires  lead  to  the 
secondary  circuit  of  the  coil.  When  the  plate  c f is  made  to  vibrate  by  singing 
into  the  mouthpiece  f,  interrupted  currents  are  sent  through  the  primary  sphal, 
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causing  alternate  induced  currents  in  the  secondary  spiral.  The  condenser  then 
begins  to  sound,  imitating  the  singer  more  or  less  closely. 

Janssens’  Modification  of  Reis’s  Telephone.— A further  simplifica- 
tion of  the  apparatus,  devised  by  Janssens,  is  shown  in  Fig.  756.  The  transmitter 
is  enclosed  in  a wooden  box,  ending  in  a tube,  which  carries  the  induction  coil  m ; 
c cis  the  iron  plate ; k and  the  two  carbon  pieces,  and  h is  the  lever  carrying 
the  lower  carbon  piece ; v is  the  screw,  f a spring  for  adjustment  In  order 
to  allow  the  air  enclosed  in  the  box  to  vibrate  freely,  holes  are  cut  in  its  side. 

Bell’s  Telephone. — We  shall  now  consider  the  magneto-electric  telephone, 
as  constructed  by  Graham  Bell.  Mr.  Bell  came  to  Boston  in  1868,  as  a teacher 
of  the  deaf  and  dumb.  The  deaf  and  dumb  are  not,  as  a rule,  unable  to  speak 
because  their  organs  of  speech  are  defective,  but  because,  in  consequence  of 
their  deafness,  they  cannot  hear  the  spoken  word,  and  therefore  cannot  imitate 


it  j it  is,  therefore,  usual  to  teach  them  to  speak  through  other  agents  than  the 
ear.  For  the  further  development  of  this  method,  Graham  Bell  and  his  father, 
Alexander  Melville  Bell,  studied  the  mechanism  of  the  voice.  Graham  Bell 
produced  vowels  artificially  by  means  of  tuning-forks,  and,  aided  by  Helmholtz’s 
investigations  (1859 — 1862),  he  made  use  of  the  electric  current  for  his  ex- 
periments. The  first  form  of  Bell’s  telephone  is  shown  in  Fig.  757.  A stave 
harmonica  hh'  is  fastened  to  the  poles  of  the  permanent  magnet  n s,  and  be 
tween  h and  h'  a coil  of  wire,  surrounding  a soft  iron  core,  is  placed.  An  exactly 
similar  instrument  is  formed  of  a second  permanent  magnet  n s,  and  the  ends 
qf  the  two  coils  e and  <?  are  connected  either  by  two  lines  or  by  one  line  wire  / 
and  the  earth  L l'.  When  any  one  of  the  staves  h is  made  to  vibrate— that  is 
to  say,  to  approach  or  recede  from  the  core  e — it  will  strengthen  and  then 
weaken  the  induced  magnetism  of  e,  and,  as  a consequence,  currents  will  be 
induced  in  the  coils  of  the  electro-magnet  e.  The  currents  will  flow  through 
the  coil  of  the  second  electro-magnet  e,  connected  by  means  of  the  wire  I and 
the  earth-plates  ll'  with  the  first.  Therefore  one  of  the  staves  h upon  the 
permanent  magnet  ns  will  be  attracted  and  repelled,  i.e,  will  also  begin  to 
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Fig.  757. — Bell’s  Electric  Harmonica. 
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vibrate ; but  the  impulses  which  the  electro-magnet  e receives  are  exactly  the  same 
as  those  induced  in  e through  the  vibrating  of  the  stave ; consequently  h will 
have  the  same  vibration.  Further,  each  stave  can  only  produce  that  vibration 
peculiar  to  it,  and  of  the  staves  in  h only  the  one  will  continue  to  vibrate 
whose  natural  rate  of  vibration  synchronises  with  the  impulses  corresponding 
to  the  stave  in  H.  If  each  prong  of  h be  struck  in  succession,  the  prongs  in  h 
which  are  in  unison  with  those  of  h will  sound  in  succession ; and  if  a tune 
be  played  on  the  prongs  of  H,  the  same  tune  will  be  heard  from  h. 

The  expense  of  such  an  apparatus  prevented  Bell  from  developing  and 
perfecting  this  idea.  He,  however,  investigated  the  different  kinds  of  vibration 
obtained  through  different  effects  of  current,  and  was  led  to  distinguish  between 


Fig.  75^* — Bell’s  Second  Telephone. 


three  different  kinds  of  currents.  Let  us  assume  that  the  body  which  is  to  be 
made  to  vibrate  is  an  iron  plate,  and  the  body  causing  the  vibration  an  electro- 
magnet. If  the  latter  be  magnetised  and  demagnetised  by  the  making  and  break- 
ing of  the  current  in  quick  succession.  Bell  calls  this  current  an  intermittent  one. 
If  care  be  taken  that  a distinct,  although  weak,  current  flows  through  the  circuit, 
which  is  weakened  and  strengthened  by  the  approach  and  recession  of  a magnet, 
then  this  current  is  called  by  Bell  a pulsating  current.  These  two  kinds  of 
current  were  made  use  of  in  the  older  telephones.  Plates  set  in  vibration  by 
these  methods  trace  out  undulations  which,  when  represented  graphically  in 
the  -indicator  diagram,  show  angular  lines  corresponding  to  the  sudden  make 
or  break  of  current.  But  the  human  voice  consists  of  continued  sounds  and 
noises,  and  it  is  therefore  evident  that  neither  by  means  of  the  pulsating  nor  of 
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the  intermittent  currents  will  words  be  thoroughly  reproduced.  Speech  can 
only  be  reproduced  when  exactly  the  same  vibrations  can  be  obtained  at  the 
place  where  the  reproduction  has  to  take  place.  For  this  purpose  Bell  uses 
currents  which  he  calls  undulating  currents,  the  characteristic  of  which  is  that 
they  not  only  increase  and  diminish,  but  also  reverse.  Indicator  diagrams 
obtained  with  these  currents  show  wave-shaped  lines,  which  rise  and  fall  gradu- 
ally. Undulating  currents  are,  therefore,  capable  of  copying  the  human  voice, 
as  they  can  excite  short  and  quick,  as  well  as  long  and  slow  waves. 


Fig.  759,— Gray’s  Telephone. 

Bell’s  Second  Telephone. — The  next  apparatus  that  Bell  constructed  is 
shown  in  Fig.  758.  'I’he  cone  c had  its  smaller  opening  closed  by  means  of  a 
gold-leaf  M,  which  was  connected  by  means  of  a little  rod  with  the  armature 
a of  the  electro-magnet  e.  The  cone  c',  exactly  similar  to  the  first,  was  fitted 
in  a similar  manner  with  membrane  m'  and  electro-magnet  e'.  When  the 
membrane  M,  excited  by  sound-waves,  began  to  vibrate,  the  armature,  which 
vibrated  along  with  it,  induced  undulating  currents  in  e,  which  caused  the  same 
vibrations  on  the  membrane  m'  by  means  of  the  magnet  e',  and  its  armature  a b 
Bell  took  out  a patent  for  this  form  of  apparatus  on  the  14th  of  January,  1876. 

Gray’s  Telephone. — About  the  same  time  Elisha  Gray’s  agent  also  rt^ 
quested  a patent  for  a telephone.  In  Gray’s  telephone,  shown  in  Fig.  759- 
the  sender  and  receiver  are  differently  shaped.  The  membrane  of  the  sender  p 
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has  at  its  lower  side  the  metal  rod  /,  the  continuation  of  which  is  formed  by 
the  screw  The  rod  i passes  through  a vessel  G,  which  is  filled  with  a badly 
conducting  fluid.  The  receiver  consists  of  the  vessel  b',  which  is  closed  at  one 
side  by  the  membrane  in'.  The  membrane  has  a piece  of  soft  iron  attached 
to  it  in  the  middle,  and  opposite  to  this  is  placed  the  electro-magnet  e.  The 
two  parts  of  the  apparatus  are  connected  with  each  other  by  means  of  the  wire  I 
and  the  earth-plates  l l',  and  are  inserted  into  the  circuit  of  a battery.  The 
membrane  which  is  made  to  vibrate  by  speaking,  inserts  by  means  of  the  rod  / 
more  or  less  resistance  in  the  circuit,  producing,  if  we  may  use  Bell’s  expression, 
pulsating  currents,  which  are  conveyed  to  the  electro-magnet  of  the  receiver, 
and  cause  the  membrane  m'  to  vibrate  like  the  membrane  m. 

The  Microphone. — Before  the  telephone  could  be  brought  to  the  com- 
mercial importance,  however,  that  it  has  at  present,  there  was  still  a problem 


Fifj.  760. — Berliner’s  Transmitter. 


left  to  be  solved,  the  solution  of  which  was  effected  by  the  discovery  of  the 
microphone.  Professor  Hughes,  who  first  applied  the  name,  gives,  as  the 
essential  feature  of  the  microphone,  the  presence  of  a conductor  capable  of 
changing  its  resistance  with  the  sounding  vibrations.  He  was  also  the  first 
who  treated  microphonic  phenomena  systematically,  and  is,  therefore,  con- 
sidered to  be  the  inventor  of  the  microphone.  His  investigations  were  made 
known  to  the  Royal  Society  of  London  in  1878. 

Berliner’s  Microphone. — Fig.  760  represents  a microphone  for  which 
E.  Berliner,  of  Boston,  took  out  a patent  on  the  7th  of  July,  1877.  The 
apparatus  at  the  receiving  and  sending  stations  is  similar  in  construction,  and 
each  consists  of  a battery,  an  induction  coil,  and  carbon  contacts,  to  form  a 
microphone.  The  secondary  wires  of  the  induction  coils  j j'  are  connected  by 
the  conductors  l l'.  The  primary  coils  are  inserted  in  the  circuits  containing 
the  batteries  b b',  and  the  carbon  contacts  s s'.  Other  inventors  followed,  but  it 
would  lead  us  too  far  to  record  all  the  microphones  that  have  been  patented. 

Hughes  s Experiments. — We  shall  here  find  it  convenient  to  describe 
some  of  the  experiments  made  by  Hughes  in  the  process  of  perfecting  and 
studying  his  invention  under  varying  conditions.  A glass  tube  of  about  3 inches 
in  length  was  filled  with  bronze  powder,  and  the  ends  were  closed  by  means  of 
retort  coke,  so  that  the  metal  powder  was  pressed  gently  together.  The  wires 
fastened  to  the  carbon  plugs  formed  a closed  circuit  with  a battery  and  a gal- 
vanometer. When  a pressure  or  pull  with  both  hands  was  exerted  on  the  tube 
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the  galvanometer  needle  showed  a powerful  deflection.  The  tube  proved  also 
convenient  for  producing  a simple  telephonic  apparatus.  For  this  purpose  the 
tube  was  placed  upon  a resonance  box  (Fig.  761),  the  plug 7 was  connected  with 
a battery  b,  and  the  plug  x with  a Bell  telephone  t.  Words  spoken  into  the 
resonance  box  could  be  heard  distinctly  in  the  telephone  t placed  at  various 
distances.  The  same  results  were  obtained  when,  instead  of  the  glass  tube,  a rod 
of  charcoal  was  taken,  which  had  been  previously  brought  to  white  heat,  and 
then  dipped  in  mercury.  A still  simpler  arrangement  tried  by  Hughes  is  that 
shown  in  Fig.  762.  It  consists  of  two  wire  pins,  placed  parallel  to  each  other, 
and  a third  one  simply  laid  across  themj  the  pins  x and  are  joined  in  the 
circuit.  In  this  arrangement  the  contacts  of  the  cross-pin  with  the  pins  under- 
neath form  the  changeable  resistance  which  brings  about  the  microphonic  effects. 


Fig.  761. — Hughes’  Microphones  without  Carbon. — Fig.  762. 


Microphones  of  greater  sensibility  are  shown  in  Figs.  763  and  764.  Upon 
the  platform  d,  Fig.  763,  a resonance  board  is  fastened  vertically,  and  made 
to  carry  two  carbon  blocks  c c,  between  which  the  carbon  rod  a is  placed.  The 
wires  x y are  fastened  to  the  carbons  c c.  To  experiment  with  this  microphone, 
it  is  placed  upon  cotton-wool,  or  upon  two  pieces  of  india-rubber  tubing.  The 
wires  xy  are  connected  with  a Bell  telephone,  and  a battery  consisting  of  one 
to  two  Leclanch^  or  three  Daniell  elements.  The  vibrations  of  sound,  when 

conveyed  to  the  points  of  contact  of  c c and  a,  either  directly,  by  the  air,  or 

through  the  board,  alter  the  resistances  at  these  points,  and  so  strengthen  and 
weaken  the  current  alternately  for  every  pulse.  The  changes  of  current  wil' 
affect  the  magnet  of  the  distant  telephone,  and  reproduce  the  vibrations  in 
the  telephonic  plate.  The  instrument  is  so  sensitive  that  a fly  walking  across  d 
can  be  heard  through  the  telephone.  Words  spoken  even  at  a distance  of 
from  8 to  10  yards  from  the  microphone  are  distinctly  heard.  As  the  efficiency 
of  a microphone  is  greatly  dependent  upon  the  kind  of  contact,  it  is  advan- 
tageous to  make  the  latter  so  that  it  can  be  regulated.  This  may  be  easily 

brought  about,  in  the  manner  shown  in  Fig.  764.  To  ascertain  the  most 
effective  position  of  the  two  carbons  with  regard  to  each  other,  a pocket  watch, 
for  instance,  is  placed  upon  the  sounding-box  of  the  microphone ; the  ticking 
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is  observed  through  the  telephone,  and  the  two  carbons  are  regulated  by  means 
of  the  screws  until  the  best  effects  are  obtained. 

So  far  we  have  had  under  consideration  the  historical  development  of 
telephony;  we  have  now  to  consider  the  practical  applications  of  these  in- 
struments. 


Fig.  763. 


Fig.  764. — Hughes’  Carbon  Microphones. 


BELL’S  TELEPHONE  AND  ITS  MODIFICATIONS. 

Explanation  of  the  Theory  of  the  Telephone  by  Faraday’s 
Lines  of  Force  and  Maxwell’s  Rule. — When  a closed  conductor  is 
moved  across  the  lines  of  force  in  a magnetic  field,  a current  of  electricity  is 
generated  whose  strength  depends  upon  the  velocity  of  motion  of  the  conductoi 
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and  upon  the  intensity  of  the  magnetic  field.  Conversely,  when  lines  of  force 
are  projected  through  a closed  conductor,  a current  of  electricity  is  generated 
in  that  conductor,  whose  strength  depends  upon  the  rate  of  change  of  those 
lines  of  force.  In  other  words,  when  a closed  circuit  moves  in  a magnetic  field 
so  that  the  number  of  lines  of  force  passing  through  the  circuit  is  altered,  then  a 
is  produced  in  the  circuit  j and,  conversely,  when  the  closed  circuit  is 
stationary,  but  the  field  either  moves  or  alters  its  form  so  that  the  number  of 
lines  ol  force  projected  through  the  circuit  alters,  then  also  a current  is  generated 
in  the  coil.  The  direction  of  the  current  is  given  by  Lenz’s  law,  viz.  that 
the  current  produced  tends  to  resist  the  motion  producing  it.  The  latter  or 
converse  form  of  the  rule  is  the  principle  of  the  telephone,  which  proves  that 
the  form  and  duration  of  the  current  is  dependent  upon  the  rate  and  duration  of 
the  motion  of  the  lines  of  force. 


Let  N s (Fig.  765)  be  a permanent  magnet,  and  a If  a.  fixed  closed  conduct- 
ing ring  of  copper  wire  around  one  pole  of  the  magnet.  Let  c be  a movable 

iron  armature.  Now  if  we  regard  any  two  lines 
of  force,  FI  FI,  radiating  from  the  pole  n, 
and  nearly  cutting  the  ring  a l>,  then,  as  we 
make  c approach  or  recede  from  n,  those  lines 
of  magnetic  force  will  change  their  direction, 
taking  up  position  2 : and  with  each  change  of 
direction  they  will  cut  the  ring  a If,  and  cur- 
rents of  electricity  in  different  directions  will 
circulate  through  a b according  to  the  direction 
of  motion  of  the  lines  of  force;  and  the  rate 
of  increase  and  decrease  of  the  number  of  the 
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Fig.  765. — Theory  of  the  Bell 
Telephone. 


lines  of  force  passing  through  the  circuit  will 
vary  directly  with  the  rate  of  motion  of  the  armature  c to  or  from  the  pole  n. 
Thus  if  c be  a disc  of  iron  vibrating  under  the  influence  of  sound,  the  excursions 
to  and  fro  of  any  point  of  the  disc,  though  very  small,  are  nevertheless  sufficient 
to  produce  that  motion  of  the  lines  of  force  which  results  in  currents.  It 
bends  the  lines  of  force  cutting  a b,  and  thereby  produces  undulating  currents 
of  electricity  in  the  ring  a b,  whose  number  depends  on  the  number  of  vibra- 
tions, and  whose  form  and  intensity  depend  on  the  rate  and  amplitude  of  motion 
of  the  disc  c. 

These  currents  are  altern.nting,  and  so  rapid  that  no  known  instrument  but  the 
telephone  indicates  them  ; but  they  are  readily  shown  by  a Thomson’s  reflecting 
galvanometer,  when  the  disc  is  gently  and  slowly  pressed  in  by  the  finger — in 
one  direction  when  the  disc  is  pressed  in,  and  in  the  other  when  it  is  allowed 
to  recover  its  first  form.  The  vibrations  of  thin  discs  under  the  influence  of 
sounds  can  be  made  optically  visible  in  many  ways.  One  method  is  to  stretch 
an  india-rubber  membrane  over  the  end  of  a speaking-tube,  with  a small  mirror 
cemented  in  the  centre  : on  singing  into  the  tube  a spot  of  light  reflected  from 
the  mirror  will  describe  on  a screen  the  most  extraordinary  figures.  But  a more 
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perfect  and  beautiful  method  is  to  place  across  the  end  of  the  speaking-tube 
a plate  pierced  by  a hole  i to  I'S  inch  in  diameter,  closed  by  a soap-film. 
On  singing  into  the  tube,  all  the  vibrations  can  be  seen  in  the  film,  producing 
the  most  intricate  and  complicated  figures,  which  change  with  every  note.  Such 
an  instrument  is  called  a Phoneidoscope.  Its  figures  may  be  readily  projected 
upon  a screen  with  the  aid  of  a lantern,  or  may  be  seen  with  the  naked  eye  in 
the  film  itself,  and  give  a vivid 
idea  of  the  complicated  vibra- 
tions which  take  place  in  a thin 
plate  under  the  influence  of 
sound. 

The  ultimate  form  which 
Bell  gave  to  his  instrument  is 
shown  in  Fig.  766.  w is  a 
powerful  bar  magnet,  encased 
in  a wooden  frame /X  the  end 
of  which  is  surrounded  by  the 
induction  coil  b b.  The  ends  of 
the  coil  are  soldered  to  thick 
copper  wires  d d,  which  termi- 
nate in  the  clamps  v v.  The 
distance  of  7>i  from  the  thin  iron 
disc  c c can  be  regulated  by 
means  of  a screw.  The  sheet 
of  iron  has  that  side  which  can 
be  seen  from  e coated  with  var- 
nish or  tin  to  prevent  oxidisa- 
tion. The  diameter  and  length 
of  the  wire  for  the  induction 
coil  must  be  determined  by  the 
resistance  which  exists  in  the 
circuit  of  the  telephone.  The 
instrument  acts  best  when  the 
magnet  is  powerful,  and  the 
turns  of  the  induction  spiral 
are  numerous,  and  when  the  iron  disc  is  placed  very  near  to  the  magnet. 
This  distance  has,  however,  to  be  arranged  so  that  the  disc,  even  in  its 
most  violent  vibrations,  does  not  come  in  contact  with  the  magnet.  For  con- 
venience in  the  handling  of  the  instrument,  the  clamps  vv  are,  as  a rule,  covered, 
as  shown  in  Fig.  767.  A mouthpiece  e collects  and  concentrates  the  voice. 

Bells  telephone  may  be  used  both  as  a receiver  and  a transmitter.  Fig.  768 

represents  two  Bell  telephones  which  are  exactly  alike,  each  of  which  may 

be  used  either  as  a receiver  or  as  a transmitter,  b b'  represent  the  induction 

coils,  N s and  n s the  magnets,  and  e e the  speaking-funnels  with  the  iron 
z* 


Fig.  767. — Bell’s  Telephone. 


Line-zvire 


Fig.  76S.— Diagram  of  Transmitter  and  Receiver. 
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discs.  The  ends  of  the  coils  are  connected  with  the  earth-plates  ee  on  tne 
one  side,  and  with  the  line  on  the  other. 

It  will  now  be  understood  that  when  the  sheet-iron  disc  of  a telephone  is 
made  to  vibrate  by  speaking  into  it,  the  position  of  the  sheet  as  regards  the 
magnet  will  be  continually  changing ; but  the  changes  between  magnet  and 


sheet  cause  corresponding  changes  in  the  magnetism  of  the  iron.  The  latter 
is  surrounded  by  a coil  b,  which  is  connected  with  a similar  coil  b'  in  the  same 
circuit.  The  current  impulses  produced  in  the  coil  b through  the  alteration 
of  the  magnetism  of  n s (or  rather  of  the  shape  of  the  lines  of  force  between  n 
and  the  disc,  whereby  a larger  or  smaller  number  pass  through  b)  will,  therefore, 
be  conveyed  through  the  whole  circuit,  and  will  appear  at  the  receiving  station 
in  the  coil  b' — hence,  the  iron  sheet  at  the  receiving  station  will  vibrate,  and 
exactly  copy  the  sound-waves  at  the  sending  station.  The  nature  of  these 
vibrations  is  fully  explained  in  the  work  of  Th.  du  Moncel,  Lt  Telephon 
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The  circuit  offers  a resistance  to  the  current  impulses,  and  so  weakens  them, 
and  this  is  why  the  words  sound  indistinct,  as  if  coming  from  a distance. 

The  object  which  the  improvers  of  Bell’s  telephone  have  had  in  view  is 
to  reproduce  words  at  a receiving  station  placed  at  a considerable  distance  from 
the  telephone.  Bell  constructed  telephones  which  were  specially  designed  for 
this  purpose,  by  using  which  it  was  possible  to  hear  music,  at  all  events,  in  all 
parts  of  a moderately  large  room.  One  of  these  arrangements  is  shown  in 


Fig.  769.  In  the  lid  of  a box  (left  out  in  the  figure)  a circular  hole  is  cut 
out,  and  is  covered  by  the  sheet-iron  disc.  The  latter  has  a thickness  of 
Irom  o'oi6  to  0-032  inch,  and  is  fastened  by  means  of  screws  to  the  lid. 
The  speaking-funnel  (the  tube  of  which  must  not  be  very  short)  is  arranged 
opposite  the  centre  of  the  sheet.  The  poles  of  a powerful  horse-shoe  magnet 
are  opposite  the  other  side  of  the  sheet.  The  poles  are  prolonged  by  iron 
pieces  directed  vertically  towards  the  sheet,  each  of  which  is  surrounded  by  an 
induction  coil. 

Many  attempts  have  been  made  to  increase  the  effects  still  more.  Niaudet, 
for  instance,  uses  four  iron  pieces,  and  arranges  the  four  coils  in  a square. 
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Fig.  770  represents  one  of  the  modifications  of  Bell’s  telephone  by  Siemens. 
Here  again  the  poles  of  a horse-shoe  magnet  are  placed  opposite  the  disc,  so 
as  to  produce  a more  powerful  effect  than  that  of  the  single  pole  of  a bar 
magnet,  h h represents  the  horse-shoe  magnet,  j are  the  two  induction  coils, 
and  opposite  these  is  the  iron  disc  m m.  The  ends  of  the  induction  coils  are 
connected  with  the  copper  wires  d d,  ending  in  the  leads  L.  The  position  of 
the  magnet  may  be  so  regulated,  by  means  of  the  screw  s,  that  its  poles  are 
in  the  most  advantageous  position  as  regards  the  iron  disc,  p is  a whistle  which 
is  placed  in  the  lower  opening  of  the  speaking  tube,  and  may  be  used  as  a signal 


Fig-  772. — Fein’s  Telephone. 


Gower’s  Telephone,  which  was  at  first  thought  highly  of  because  of  its 
extraordinarily  powerful  effects,  is  shown  in  Fig.  771.  The  horse-shoe  magnet 
N o s is  bent  into  a semi-circle,  and  the  ends  of  its  arms  are  bent  at  right  angles 
to  the  plane  of  the  magnet.  The  bent  portions  carry  the  oval-shaped  induction 
coils.  The  magnet  formed  in  this  manner  is  very  powerful,  and,  according  to 
Th.  du  Moncel,  capable  of  carrying  a weight  of  eleven  pounds.  The  ends  of 
the  induction  coils  are  connected  with  clamps  that  are  fastened  to  the  outside  of 
the  metal  box  enclosing  the  apparatus.  The  sheet  of  iron  e is  larger  and  made  of 
stronger  material  than  is  generally  used  for  telephones.  The  signalling  apparatus 
consists  of  the  tube  a bent  towards  the  iron  sheet,  inside  which  a small  vibrating 
tongue  is  placed  : this  can  be  agitated  by  blowing  into  the  flexible  tube,  through 
the  mouthpiece  fastened  to  the  back  of  the  case. 

The  telephone  by  W.  Fein,  of  Stuttgart,  shown  in  Fig.  772,  is  similar  to 
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the  apparatus  just  described.  The  horse-shoe  magnet  m is  so  arranged  that 
only  the  poles  are  inside  the  telephone  case.  The  iron  cores  are  arranged  at 
right  angles  to  the  plane  of  the  magnet,  and  in  order  to  make  them  more  sensi- 
tive to  the  effects  of  the  currents,  they  are  made  of  thin  plates  or  wires.  The 
cores  as  well  as  the  coils  b surrounding  them  have  semi-circular  sections,  so  that 
their  effects  upon  the  iron  sheet  may  be  more  regular.  By  adopting  this  form, 
both  coils  when  put  together  have  the  same  circular  plane  cross-section.  The 
ends  of  the  induction  coils  are  connected  with  the  clamps  p p.  The  brass  lever 
f,  which  can  be  made  to  affect  the  iron  cores  by  turning  the  screw  v,  serves  to 
adjust  the  telephone. 


Fig.  773. — Ader’s  Telephone. 

Ader’s  Telephone. — Cl.  Ader  constructed  an  effective  telephone  by 
making  use  of  the  principle  that  an  iron  plate  inserted  between  a magnetic  pole 
and  its  armature  is  affected  inductively  as  if  it  formed  part  of  the  armature. 
The  more  massive  the  armature  the  more  readily  do  the  lines  of  force  pass 
through  it  in  preference  to  passing  through  the  air,  and  the  interposed  iron  plate 
increases  the  effective  magnetic  mass  of  the  armature. 

Now  in  the  Ader  telephone,  which  is  shown  in  plan  and  elevation,  and  also 
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in  section,  in  Fig.  773,  the  circular-shaped  horse-shoe  magnet  M has  the  induction 
coils  s s surrounding  the  projections  of  its  poles,  and  opposite  to  these  the  iron 
sheet  m in  is  placed,  a a is  a ring  of  soft  iron,  which  is  placed  inside  the 
mouthpiece  of  the  telephone,  so  as  to  form  an  additional  and  comparatively 
massive  armature  of  the  magnet.  The  thin  iron  sheet  is  placed  between  the 
magnet  poles  and  the  armature,  and  will  therefore  be  exposed  to  strong  magnetic 
influences.  In  fact,  the  lines  of  force,  which,  if  the  massive  iron  ring  a a were 
absent,  would  many  of  them  stray  across  through  the  air  between  the  poles  of 
the  horse-shoe  magnet  without  entering  the  plate  m m at  all,  are  by  the  presence 
of  this  Ifetter  medium  drawn  through  the  plate.  The  magnetic  field  in  which 
the  plate  moves  thus  becomes  much  more  concentrated,  and  the  fluctuations 
produced  in  this  field  by  the  vibratory  movements  of  the  plate  develop  in  the 


Fig.  774. — D’Arsonval’s  Telephone, 


Fig.  775. — Boucher’s  Telephone. 


coils  s s Stronger  currents  than  would  be  produced  without  the  assistance  of 
the  ring.  Ader  rounds  the  magnet  carefully  off,  and  then  plates  it  with  nickel- 
silver  to  give  to  the  apparatus  a neat  appearance  and  a convenient  form. 

D’ Arsonval  obtains  a powerful  effect  by  using  a bell  magnet.  The  magnet 
m m,  Fig.  774,  is  almost  circular;  one  of  the  poles  has  the  cylindrical  iron- 
piece  d round  which  the  induction  coil  ^ ^ is  wound.  The  projection  of  the 
second  pole  has  the  form  of  a hollow  cylinder,  which  surrounds  the  induction 
coil.  D’Arsonval’s  telephone  weighs  only  4^4  ounces,  gives  the  words  clearly 
and  distinctly,  and  is  said  to  surpass  even  Gower’s  telephone  in  loudness.  In 
place  of  the  usual  speaking-funnel,  a flexible  tube  is  used,  and  in  this  manner 
sound  disturbances  are  supposed  to  be  overcome. 

Bbttcher’s  Telephone  differs  from  other  constructions  by  having  the  mag- 
net so  arranged  as  to  be  capable  of  vibrating ; for  this  purpose  it  is  suspended 
from  fine  steel  loops.  It  can  be  moved  upwards  by  means  of  the  screw  a a, 
Fig.  775  ; downwards  by  screw  a.  The  cores  upon  which  the  induction  coils 
b b are  fastened  do  not  consist  of  one  piece,  but  of  three  separate  iron  bars, 
an  arrangement  which  facilitates  the  change  of  magnetism.  The  case  of  the 
telephone  consists  entirely  of  metal,  because  wood  is  more  liable  to  change,  and 
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to  cause  an  alteration  of  the  action  of  the  magnet-poles  towards  the  iron  sheet 
The  tube  e,  which  serves  as  a speaking-tube,  is  bent  at  an  obtuse  angle.  The 
effect  obtained  with  this  instrument  is 
very  powerful;  the  sounds,  however,  are 
not  so  pure  as  in  Bell’s,  Ader’s,  and  other 
instruments.  Bottcher’s  instrument  would 
not  answer  in  places  which  cannot  be 
guarded  from  noises  and  disturbances. 

Just  as  it  has  been  attempted  to  in- 
crease the  efficiency  of  telephones  by 
increasing  the  number  of  magnets  or 
magnet-poles,  so  also  several  vibrating 
plates  independent  of  each  other  have 
been  used.  A telephone  with  two  plates 
has  been  constructed  by  Elisha  Gray ; it 
consists  (as  shown  in  Fig.  776)  of  two 
telephones  placed  at  an  acute  angle.  The 
horse-shoe  magnet  n s has  cylindrical 
pole-pieces  a,  which  are  surrounded  by 
the  induction  coils  b b.  Each  pole-piece 
has  a sheet  of  iron  opposite  to  it,  but  the 
speaking-tube  e,  wjiich  terminates  in  the  tubes  a,  serves  for  both  membranes. 
The  connection  of  the  coils  is  shown  a.t  d ; l l is  the  lid  that  covers  the  disc. 


Fig.  776. — Gray’s  Telephone. 


Fig-  777-  —Phelps’  Crown  Telephone. 


Fig.  77S. — Phelps’  Pony  crown  Telephone. 


Phelps  crown  ’ instrument  is  shown  in  Fig.  777.  It  has  only  one  iron  disc  cc, 
opposite  to  which  the  similar  poles  of  six  ring-shaped  magnets  are  placed  ; the 
remaining  poles  are  bent  against  the  edge  of  the  disc.  Phelps’  double  instru- 
ment consists  of  two  telephones,  such  as  described  above,  which  are  united 
to  each  other  in  such  a manner  that  the  two  discs  stand  parallel  to  each 
The  speaking-tube  terminates  in  the  space  between  the  two  discs, 
t was  found,  however,  that  the  same  results  can  be  obtained  with  telephones  of 
simp  er  construction.  Phelps  therefore  constructed  the  instrument  shown  in 
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Fig-  778,  which  is  known  as  the  Pony-crown  Telephone,  and  which  differs  little 
in  reality  from  Bell’s  construction. 

We  here  conclude  the  description  of  telephones  the  effect  of  which  is  due  to 
magnetic  changes,  especially  as  a comparison  of  many  later  inventions  with 
Bell  s instrument  shows  no  noteworthy  alteration,  and  certainly  no  improvement ; 
for  although  some  of  the  instruments  described  surpass  Bell’s  instrument  in 
effect,  none  of  them  has  surpassed  or  even  reached  the  soft  and  precise  ac- 
centuation of  it.  Here,  as  in  the  construction  of  other  machines,  new  con- 
structions are  frequently  made  simply  to  obtain  new  patents,  without  regard  to 
improvement  of  effect.  The  efficiency  of  a telephone  depends  less  upon  the 
insignificant  alterations  of  a manufacturer,  than  upon  the  careful  and  exact 
workmanship  with  which  the  parts  must  be  fitted. 

Working  the  Telephone. — There  is  a great  difference  in  the  power  of 
different  voices  to  work  the  telephone.  Shouting  in  it  is  of  no  use.  The  intona- 
tion must  be  clear,  and  the  articulation  distinct,  and  the  style  of  conversation 
approach  more  the  sing-song.  The  vowel  sounds  always  come  out  the  best ; the 
palatal  sounds  c,  g,  y,  k,  and  q the  worst  j in  fact  the  latter  sounds  are  frequently 
lost.  The  ear  also  requires  a certain  education,  and  the  power  of  hearing 
varies  surprisingly  with  different  ears  and  with  different  people.  Singing  always 
comes  through  with  great  distinctness. 

Other  Applications.  — No  instrument  is  so  delicate  as  the  telephone  for 
the  detection  of  small  and  sudden  currents.  It  is  adqiirably  adapted  for 
showing  the  induction  currents  set  up  in  contiguous  coils.  If  alternating  or 
intermittent  currents  be  sent  through  one  coil,  while  the  other  be  gradually 
removed  away,  the  rapidly  diminishing  effect  of  increased  distance  is  very 
evident ; indeed,  all  the  phenomena  of  magneto-electric  induction  are  strikingly 
shown  by  its  means.  It  enables  us  to  test  the  resistances  of  short  lengths  of 
wire,  and  tu  adjust  condensers  with  great  accuracy. 


BATTERY  TELEPHONES  AND  MICROPHONES. 

In  the  preliminary  remarks  regarding  telephony,  it  has  been  mentioned 
that  Bell’s  instrument  does  good  service,  both  as  a sender  and  a receiver,  pro- 
vided that  the  sending  and  receiving  stations  are  not  too  far  from  each  other. 
The  induced  curents  generated  in  the  sender  are  only  weak,  and  are  still  further 
weakened  by  the  resistance  of  a long  line,  by  leakages,  etc.  To  avoid  the  use  of 
such  weak  currents,  battery  telephones  or  microphones  have  been  constructed 
(a  distinction  is  sometimes  made  between  a battery  telephone  and  a microphone, 
but  as  both  are  based  on  the  same  principle,  we  shall  here  treat  them  together 
in  the  same  chapter).  The  suitability  of  carbon  for  the  construction  of  such 
instruments  was  first  observed  by  Edison,  and  therefore,  without  paying  attention 
to  the  older  forms,  or  first  experiments,  we  shall  at  once  give  a description  of 
Edison's  carbon  ielephont 


The  Telephone. 


785 


Edison's  Carbon  Telephone. — A representation  of  this  instrument  is 
shown  in  Fig.  779.  The  case  of  the  sender  consists  of  metal,  and  has  an 
ordinary  speaking-funnel,  opposite  to  which  is  placed  the  membrane  d.  Behind 
the  membrane  is  fastened  a metal  plate,  upon  which  the  carbon  disc  c rests. 
This  disc  is  held  in  position  by  an  ebonite  ring.  The  surface  of  the  carbon 
disc  nearest  to  the  membrane  bears  a platinum  plate  p,  upon  which  the  glass 
disc  G is  glued.  This  is  connected  with  the  membrane  by  the  aluminium  knob 
A,  so  that  the  vibrations  of  the  membrane  can  be  transmitted  to  the  carbon 
c,  and  expose  it  to  a pressure  corresponding  to  the  vibrations.  A battery 


f'g-  779.  . , Fig.  780. 

Edison  s Carbon  Telephones. 


cunent  sent  through  the  carbon  will  therefore  be  converted  into  a pulsating 
current  owing  to  the  change  of  pressure.  When  the  plate  d presses  against 

the  carbon,  m consequence  of  the  first  or  forward  phase  of  its  vibrations,  the 

resistance  of  the  carbon  becomes  less,  and  therefore  the  battery  current  flowin<r 
through  It  becomes  stronger.  The  strength  of  the  current  diminishes  when  the 

vibmn™  Trh  Of  second  phase  of  the 

nlatfor  “ say,  when  tL 

p te  or  membrane  IS  at  rest.  The  current  is  conveyed  through  the  carbon  by 

having  one  of  the  battery  wires  connected  with  the  metal  case  of  the  telephone’^ 
and  the  other  with  the  platinum  plate  p.  ’ 

Is  nhc«f  The  centre  disc  ,(■ 

s placed  between  two  platinum  plates  in  a kind  of  box  a i.  The  india-rubber 

tube  ^ rs  placed  between  the  membrane  rc  and  an  ivory  dis^  whl^ 
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upon  the  upper  platinum  plate.  Each  of  the  platinum  plates  has  a clamp  foi 
the  wires.  The  vibrations  of  the  membrane  are  transmitted  by  means  of  the 
tube  and  ivory  plate  to  the  upper  platinum  plate,  and  thence  to  the  carbon. 
The  screw  at  the  end  of  the  case  serves  to  regulate  the  telephone. 

Righi’s  telephone,  which  attained  a certain  reputation  in  1878  in  Italy,  has 
little  originality  to  recommend  it,  except  its  unusually  large  dimensions.  The 
receiver  consists  of  a Bell’s  instrument,  with  a straight  and  very  powerful 
magnet,  which  has  a membrane  consisting  of  parchment,  of  corresponding  size, 
opposite  to  it,  and  carrying  in  the  centre  a circular  disc  of  sheet  iron.  The 
lonstruction  of  the  sender  may  be  clearly  understood  with  the  help  of  Fig.  759, 


Fig.  78 !• — Ader’s  Electrophone. 


Fig.  782.  — Berliner’s  Microphone. 


if  we  imagine  the  little  bar  dipping  in  the  fluid  to  be  furnished  with  a thin 
metal  plate,  and  a mixture  of  graphite  and  silver  powder  to  be  substituted  for 
the  fluid.  The  pressure  upon  the  powder  will  change  with  the  vibrations  of  the 
membrane,  and  the  battery  current  sent  through  the  powder  will  thus  become 
undulatory. 

Ader,  who  constructed  a transmitter  similar  to  the  one  described,  used  the 
apparatus  shown  in  Fig.  781,  and  called  it  “Ader’s  electrophone.”  A wooden 
frame,  which  has  a handle  attached,  carries  a carbon  cylinder  ff,  fastened  to 
a wooden  pin,  at  the  other  end  of  which  is  the  sound-reflector.  The  rounded 
end  of  the  carbon  cylinder  rests  upon  the  carbon  piece  b,  which  is  connected 
with  one  of  the  clamps,  the  second  clamp  being  connected  with  the  carbon 
cylinder  itself. 

Fig.  782  represents  Berliner’s  microphone  or  transmitter.  The  most  im- 
portant portion  of  the  apparatus,  viz.  the  variable  carbon  contact,  is  formed  by 
the  two  carbon  pieces  a and  b ; the  former  is  fastened  in  the  middle  of  the 
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thin  iron  disc,  which  is  attached  to  the  lid  of  the  microphone ; the  second  is 
placed  at  c,  in  the  catch,  which  is  hung  from  the  movable  arm  d.  The  con- 
tact of  the  two  carbon  pieces  is  brought  about  by  the  weight  of  the  carbon 
piece  b.  The  support  d serves  also  to  maintain  the  iron  disc  in  its  position 
when  the  lid  is  opened.  When  in  use,  the  poles  of  this  sender  and  ^2 
connected  with  the  poles  of  a battery  (usually  a I.,eclanche  element) ; the 
current  then  flows  from  clamp  through  the  metal  piece  to  d and  c,  and 
so  to  the  carbon  pieces  b and  a ; thence  it  returns  through  the  spring/',  the 
screw  V,  through  the  primary  coil  of  the  induction  coil  f,  thence  to  the  clamp /gj 
and  so  back  again  to  the  battery.  The  clamps  /g  and  hold  the  wires  of 
the  secondary  coils,  and  are  connected  with  the  line  or  earth.  If  the  iron  disc 
is  made  to  vibrate  by  sound-waves,  the  two  carbon  pieces  a and  b will  also 


Fig.  7^3 — Fleller’s  Transmitter. 


vibrate,  causing  those  alterations  of  contact  which  cause  the  battery  current  to 
be  undulatory.  Every  well-acting  telephone  can  be  connected  as  receiver  with 
Berliner’s  microphone.  If  the  sending  and  receiving  stations  are  very  far  from 
each  other,  and  a considerable  resistance  in  the  wires  has  to  be  overcome, 
Berliner  makes  use  of  microphones  with  three  contacts. 

F.  Heller’s  transmitter,  as  shown  in  Fig.  783,  is  a little  different  from 
Berliners  transmitter.  The  lid  d of  the  box  has  a circular  hole  in  it,  in  which 
a disc  M M of  wood  (deal)  is  placed  as  membrane ; the  india-rubber  tube  g g 
is  placed  over  it,  and  over  this  is  screwed  the  brass  ring  r r in  order  to  hold 
the  whole  in  position.  The  carbon  cylinder  k'  is  fastened  to  the  spring  f,  and 
the  latter  is  fastened  to  a.  The  contact  between  the  carbon  cylinder  k'  and 
carbon  knob  k is  regulated  by  an  adjusting  screw.  The  metal  piece  a is 
connected  with  clamp  by  means  of  a metal  strip  a and  a short  wire.  The 
carbon  knob  k is  connected  with  the  primary  wire  of  the  induction  coil  s 
by  means  of  the  strip  b b.  The  second  end  of  this  wire  is  connected  with  the 
clamp  Pg.  The  ends  of  the  secondary  wire  are  fastened  to  the  clamps  p^  and 
P,.  When  the  terminals  Pg  and  P4  are  connected  with  the  poles  of  a battery, 
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the  current  flows  from  P4  through  a a f,  the  carbon  cylinder  k',  the  carbor. 
knob  K,  brass  strip  b b,  through  the  primary  coil  of  the  induction  coil,  through  Pj, 
and  so  back  again  to  the  battery.  When  the  membrane  m m is  made  to 
vibrate,  the  battery  current  varies  in  strength,  inducing  in  the  secondary 
coils  undulating  currents,  which  are  conveyed  through  Pj  and  p,  to  the 
receiving  apparatus. 


Fig-  784- — Blake’s  Microphone. 


Fig.  785.  — Locht-Labye’s  Pantelephone. 


The  microphone  by  F.  Blake  differs  from  others  in  this  respect: — that  none  of 
the  contact-pieces  are  fastened  to  the  membrane,  and  this  prevents  disturbances 
due  to  contraction  or  expansion  of  the  membrane.  The  iron  sheet  m m is 
placed  opposite  b (Fig.  784),  between  pads  of  india-rubber  tubing.  One  of  the 
contact-pieces,  consisting  of  a small  platinum  cylinder  is  fastened  to  the 
spring  f,  which  presses  it  against  the  second  contact  - piece ; a carbon  disc 
(shown  in  the  figure  as  a black  rectangle)  is  set  in  the  metal  piece  /«,  and 
carried  by  the  spring  f,  which  presses  both  carbon  and  platinum  cylinder 
against  the  iron  disc.  The  contact  is  regulated  in  the  following  manner : — 
The  spring  f is  fastened  to  the  plate  w,  which  is  again  held  by  the  spring  f'> 
which  is  screwed  to  the  fixed  clamp  a.  The  screw  s presses  against  the 
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inclined  plane  of  \v,  and,  by  being  turned  in  one  or  the  other  direction, 
effects  the  regulation.  Blake’s  transmitter  is,  as  a rule,  used  with  a Leclanch^ 
element.  The  current  passes  as  follows  : 'llirough  the  terminal  k into  the 
primary  wire  of  the  induction  coil  j,  through  the  spring  f into  the  platinum 
cylinder through  the  carbon  at  m into  f,  through  w to  s,  and  then  back  to  the 
battery. 

A very  sensitive  microphone,  called  by  the  inventor  a Pantelephone,  and 
shown  in  Fig.  785  was  constructed  by  L.  de  Locht-Labye.  The  receiving  appa- 
ratus reproduces  conversations  held  at  a distance  of  22  yards  from  the  micro- 
phone perfectly  distinctly.  A plate  of  either  cork,  wood,  or  sheet  metal  of  a 
rectangular  shape,  4 inches  wide  and  6 inches  long,  which  is  held  by  the  steel 
spring  r r,  is  suspended  from  the  metal  beam  s s ; at  its  lowest  edge  at  /it  carries  a 
carbon  disc,  which  leans  against  the  silver  plate  x 
This  silver  plate  is  fastened  to  the  spring/  which 
is  fixed  at  w.  The  screw  v regulates  the  con- 
tact. The  battery  current  passes  through  the  wire 
L,  q,  through  the  spring/  and  the  silver  contact, 
through  the  wires  n n and  springs  r r,  and  returns 
through  T to  the  battery.  When  sound-waves 
make  the  plate  vibrate  the  contact  becomes 
variable,  giving  rise  to  undulatory  currents  in 
the  secondary  of  an  induction  coil,  and  repro-  Fig.  786. — Wreden’s  Microphone, 
ducing  the  sound-waves  at  the  receiving  station. 

The  Microphone,  by  Wreden,  is  shown  in  Fig.  786.  It  consists  of  a cork  plate 
K,  which  carries  a contact  a,  connected  with  the  terminal  p by  means  of  a short 
wire.  The  second  contact  b is  placed  on  one  end  of  the  lever  g h m,  which  has 
a counterweight  at  its  opposite  end.  The  pressure  of  the  contact  between  the 
tvvo  pieces  a and  b is  regulated  by  the  weight  G,  Wreden  constructed  micro- 
phones also  of  six  and  more  contacts.  The  current  passes  in  the  microphone 
shown  in  the  figure  as  follows  : — From  p to  the  contact-pieces  a and  b,  through 
the  lever  m h,  and  through  p^  back  to  the  battery. 

Microphones  with  several  contacts  have  been  constructed  by  Crossley,  Ader, 
and  Gower.  All  three  make  use  of  a rectangular  plate  of  wood  as  a membrane. 
This  plate,  as  a rule,  is  fastened  in  the  opening  of  a strong  wooden  frame,  forming 
with  It  a box  shaped,  in  Crossley’s  instrument,  like  a writing-desk,  the  inside  of 
which  contains  the  carbon  contacts.  These  consist  of  four  carbon  rods,  which 
rest  with  their  ends  upon  carbon  blocks,  as  shown  in  Fig.  787.  The  connec- 
tion of  the  carbon  contacts  with  the  battery  is  brought  about  by  metal  strips, 
astened  to  the  carbon  blocks.  Ader  arranges  eight  or  ten  carbon  rods,  as  shown 

ig-  788,  BCD.  Ader,  who  had  undertaken  the  transmission  of  the  opera 
music  to  the  Palace  of  Industry  during  the  Exhibition  in  1881,  placed  his  micro- 
p lones  upon  leaden  plates  p,  in  order  to  prevent  interruption  or  disturbance  of 
e music  transmitted  from  the  voice  of  the  singer  by  footsteps  on  the  floor,  etc 
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Boudet  and  others  have  also  constructed  microphones  of  several  contacts,  some 
arranged  parallel  and  others  in  series ; the  latter  arrangement  is  shown  in 
Fig.  789.  A glass  tube  r,  3 inches  in  length  and  o‘4  inch  in  diameter,  is 
fastened  to  a joint  upon  a stand.  The  supports  tt  carry  the  sounding-tube  B, 
which  has  on  the  outer  side  an  ordinary  mouthpiece,  and  on  the  inner  side  a 
narrow  opening,  opposite  which  is  placed  the  membrane  m m,  made  of  gutta- 
percha. The  copper  cylinder  k,  which  is  connected  with  the  membrane,  reaches 


Fig.  788. — Ader’s  Transmitter. 


Fig.  787, — Crossley’s  Transmitter. 


a short  distance  into  the  glass  tube,  and  touches  the  first  of  the  six  carbon 
balls  in  it.  At  the  other  end  of  the  glass  tube  is  placed  the  metal  piece  a,  which 
carries  the  apparatus  for  the  regulation  of  the  carbon  contacts.  By  turning  the 
screw  s in  the  one  or  the  other  direction  the  cylinder  c,  along  with  f and  k', 
moves  forward  or  backward,  thus  diminishing  or  increasing  the  force  of  contact 
between  the  carbon  balls. 

Professor  Hughes’s  Explanation  of  the  Action  of  the  Microphone. 
— Professor  Hughes,  the  inventor  of  the  microphone,  has  given  some  interesting 
particulars  respecting  the  physical  action  of  the  instrument.  He  states  the  problem 
he  sought  to  solve  by  the  microphone  as  follows : To  introduce  into  an  electrical 
circuit  an  electrical  resistance,  which  resistance  shall  vary  in  exact  accord  with 
sonorous  vibrations,  so  as  to  produce  an  undulatory  current  of  electricity  from 
a constant  source,  whose  wave-length,  height,  and  form  shall  be  an  exact 
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representation  of  the  sonorous  waves.  In  the  microphone  we  have  an  electric 
conducting  material,  susceptible  of  being  influenced  by  sonorous  vibrations; 
and  thus  we  have  the  first  step  of  the  problem. 

The  second  step  is  one  of  great  importance,  and  was  solved  by  the  discovery 
that  when  an  electric  conductor  in  a divided  state,  either  in  the  form  of  powder, 
filings,  or  surfaces,  is  put  under  a certain  slight  pressure,  far  less  than  that  which 
would  produce  cohesion,  but  more  than  would  allow  it  to  be  separated  by  sonorous 
vibrations.,  the  following  state  of  things  occurs  : The  molecules  at  these  surfaces 


789 — Boudet’s  Microphone. 


being  m a comparatively  free  state,  although  electrically  joined,  do  of  themselves 
so  arrange  their  form,  their  number  in  contact,  or  their  pressure,  that  the  increase 
and  decrease  of  the  electrical  resistance  of  the  circuit  is  altered  in  a very  remark- 
able manner,  and  to  an  extent  that  is  almost  fabulous. 

It  is  only  necessary  to  observe  certain  general  considerations  to  produce  an 
endless  variety,  each  having  a special  range  of  resistanoe. 

The  tramp  of  a fly,  or  the  cry  of  an  insect,  requires  little  range,  but  great 
sensitiveness  ; and  two  surfaces,  therefore,  of  chosen  materials,  under  a very  slight 
pressure,  such  as  the  mere  weight  of  a small  superposed  conductor  (Figs.  761 
and  763)  suffice;  but  it  would  be  unsuitable  for  a man’s  voice,  as  the  vibrations 
produced  by  the  voice  would  be  too  powerful  for  the  instrument,  and  would, 
in  fact,  produce  interruption  of  contact  amounting  to  “ make  and  break.” 

Pine-wood  is  the  best  resonant  material  we  possess,  and  it  preserves  its 
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structure  and  quality  when  converted  into  charcoal.  A man’s  voice  requires 
the  contact  of  four  surfaces  of  pine-charcoal.  The  number  of  surfaces  and  the 
materials  have  to  depend  on  the  range  and  power  of  the  vibrations,  and  the 
surfaces  must  be  pressed  together  by  a force  that  varies  with  the  force  of  the 
sonorous  vibrations.  Thus,  for  a man’s  voice  the  surface  must  be  under  a far 
greater  pressure  than  for  the  movements  of  insects.  In  order  to  test  whether 
the  pressure  is  sufficient  to  admit  of  a perfect  undulatory  current  being  produced 
by  the  sonorous  vibrations  of  the  range  of  the  voice  or  sounding  body  employed, 
it  is  well  to  place  a galvanometer  in  the  circuit ; while  speaking  to  the  micro- 
phone transmitter  the  needle  should  not  be  deflected,  as  the  waves  of  -f  and  - 
electricity  are  equal,  and  are  too  rapid  to  disturb  the  needle.  If  the  pressure 
on  the  materials  producing  the  microphonic  contacts'  is  not  sufficient,  we  shall 
have  a constant  succession  of  interruptions  of  contact,  and  the  galvanometer 
needle  will  indicate  the  fact.  If  the  pressure  on  the  materials  is  gradually  in- 
creased, the  tones  will  be  loud,  but  wanting  in  distinctness,  while  the  galvano- 
meter'indicates  interruptions  in  the  current.  By  further  increasing  the  pressure 
the  tone  becomes  clearer,  and  the  needle  of  the  galvanometer  will  just  be 
stationary  when  a maximum  of  loudness  and  clearness  is  attained.  If  the  pres- 
sure be  further  increased  the  sounds  become  weaker,  though  they  remain  clear, 
and  on  still  gradually  augmenting  the  pressure  the  sounds  die  out,  until  a point 
arrives  at  which  there  is  silence. 

The  simplest  form  of  microphone  employed  by  Professor  Hughes  in  his 
theoretical  investigations  consisted  of  a flat  piece  of  charcoal,  o'o8  inch  thick 
and  o'4  inch  square,  connected  with  a copper  wire,  and  glued  to  a board  or 
block  of  wood.  Ujjon  this  piece  one  or  more  similar  pieces  were  superposed, 
the  upper  piece  being  connected  with  a wire.  The  required  pressure  was  put 
on  the  blocks.  Professor  Hughes  thus  reasons  out  the  nature  of  the  molecular 
action  : 

“ Let  the  lower  piece  be  called  a,  and  the  upper  b ; when  we  subject  the 
board  to  sonorous  vibrations  we  cannot  imagine  in  the  charcoal  an  undulatory 
movement  of  the  actual  wave-length  of  the  sonorous  wave,  for  that  would  be 
several  feet  3 nor  can  we  imagine  a wave  of  any  length  without  admitting  that 
the  force  must  be  transmitted  from  molecule  to  molecule  throughout  the  entire 
length.  How  is  it  that  the  molecular  action  at  the  surfaces  of  a and  b so  vary 
the  conductivity  or  electrical  resistance  as  to  throw  it  into  waves  in  the  exact 
form  of  the  sonorous  vibrations  ? It  cannot  be  because  it  throws  up  the  upper 
portion,  making  an  intermittent  current,  because  the  upper  portion  is  fastened  to 
the  lower,  and  the  galvanometer  does  not  indicate  any  interruption  of  current 
whatever.  It  cannot  be  because  the  molecules  arrange  themselves  in  stratified 
lines,  becoming  more  or  less  conductive,  as  then  surfaces  would  not  bt 
required,  that  is,  we  should  not  require  discontinuity  between  the  blocks  a 
and  B ; nor  would  the  upper  surface  be  thrown  up  if  the  pressure  be  removed, 
as  sand  is  on  a vibrating  glass.  The  throwing  up  of  this  upper  piece  b when 
pressure  is  removed  proves  that  a blow,  pressure,  or  upheaval  of  the  lower  por- 
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tion  takes  place : that  this  takes  place  there  cannot  be  anv  doubt,  as  the  surface 
considered  alone  (having  no  depth)  could  not  bodily  quit  its  mass.  In  fact, 
there  must  have  been  a movement  to  a certain  depth ; and  I am  inclined  to 
believe,  from  numerous  experiments,  that  the  whole  block  increases  and 
diminishes  in  size  at  all  points,  in  the  centre  as  well  as  the  surface,  exactly 
in  accordance  with  the  form  of  the  sonorous  wave.  Confining  our  attention, 
however,  to  points  on  a and  B,  how  can  this  increased  molecular  size  or  form 
produce  a change  in  the  electrical  waves  ? This  may  happen  in  two  ways : 
first,  by  increased  pressure  on  the  upper  surface,  due  to  its  enlargement ; or, 
second,  the  molecules  themselves,  finding  a certain  resistance  opposed  to  their 
upward  movement,  spread  themselves,  making  innumerable  fresh  points  of  con- 
tact. Thus  an  undulatory  current  would  appear  to  be  produced  by  infinite 
change  in  the  number  of  fresh  contacts.  I am  inclined  to  believe  that  both 
actions  occur ; but  the  latter  seems  to  me  the  true  explanation ; for  if  the  first 
were  alone  true,  we  should  have  a far  greater  effect  from  metal  powder,  carbon, 
or  some  elastic  conductor,  such  as  metalised  silk,  than  from  gold  or  other  hard 
unoxidisable  matter  \ but  as  the  best  results  as  regards  the  human  voice  were 
obtained  from  two  surfaces  of  solid  gold,  I am  inclined  to  view  with  more  favour 
the  idea  that  an  infinite  variety  of  fresh  contacts  brought  into  play  by  the 
molecular  pressure  affords  the  true  explanation.  It  has  the  advantage  of  being 
supported  by  the  numerous  forms  of  microphone  I have  constructed,  in  all  of 
which  I can  fully  trace  the  effect. 


I have  been  very  much  struck  by  the  great  mechanical  force  exerted  by 
this  uprising  of  the  molecules  under  sonorous  vibrations.  With  vibrations  from 
a musical  box  2 feet  in  length,  I found  that  one  ounce  of  lead  was  not  sufficient 


on  a surface  of  contact  0^4  of  an  inch  square  to  maintain  constant  contact ; and 
It  was  only  by  removing  the  musical  box  to  a distance  of  several  feet  that  I was 
enabled  to  preserve  continuity  of  current  with  a moderate  pressure.  I have 
spoken  to  forty  microphones  at  once,  and  they  all  seemed  to  respond  with  equal 
force.  Of  course,  there  must  be  a loss  of  energy  in  the  conversion  of  molecular 
vibrations  into  electrical  waves ; but  it  is  so  small  that  I have  never  been  able 
to  measure  it  with  the  simple  appliances  at  my  disposal.  I have  examined 
every  portion  of  my  room— wood,  stone,  metal,  in  fact  all  parts— and  even  a 
piece  of  india-rubber  : all  were  in  molecular  movement  whenever  I spoke.  As 
yet  I have  found  no  such  insulator  for  sound  as  gutta-percha  is  for  electricity. 
Caoutchouc  seems  to  be  the  best;  but  I have  never  been  able  by  the  use  of 
disposal  to  prevent  the  microphone  reporting  all  it  heard. 

The  question  of  insulation  has  now  become  one  of  necessity,  as  the  micro- 
phone has  opened  to  us  a world  of  sounds,  of  the  existence  of  which  we  were 
unaware  ^ If  we  can  insulate  the  instrument  so  as  to  direct  its  powers  on  any 

">  investigate  that  object 

tl  snnnds  which  at  present  the  microphone 

reveals  where  we  thought  complete  silence  prevailed.  ^ 

“ I have  recently  made  the  following  curious  observation  : A microphone 
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on  a resonant  board  is  placed  in  a battery  circuit  together  with  two  telephones. 
When  one  of  these  is  placed  on  the  resonant  board,  a continuous  sound  will 
emanate  from  the  other.  The  sound  is  started  by  the  vibration  which  is  im- 
parted to  the  board  when  the  telephone  is  placed  on  it  j this  impulse,  passing 
through  the  microphone,  sets  both  telephone  discs  in  motion ; and  the  instru- 
ment  on  the  board,  reacting  through  the  microphone,  causes  a continuous  sound 
to  be  produced,  which  is  permanent  so  long  as  the  independent  current  of  elec- 
tricity is  maintained  through  the  microphone.  It  follows  that  the  question  of 
providing  a relay  for  the  human  voice  in  telephony  is  thus  solved. 

“ The  transmission  of  sound  through  the  microphone  is  perfectly  duplex ; 
for  if  two  correspondents  use  microphones  as  transmitters,  and  telephones  as 
receivers,  each  can  hear  the  other,  but  his  own  speech  is  inaudible  : and  if  each 
sing  a different  note,  no  chord  is  heard.  The  experiments  on  the  deaf  have 
proved  that  they  can  be  made  to  hear  the  tick  of  a watch,  but  not,  as  yet,  human 
speech  distinctly ; and  my  results  in  this  direction  point  to  the  conclusion  that 
we  only  hear  ourselves  speak  through  the  bones,  and  not  through  the  ears. 

“ However  simple  the  microphone  may  appear  at  first  glance,  it  has  taken 
me  many  months  of  unremitting  labour  and  study  to  bring  it  to  its  present  state 
through  the  numerous  forms,  each  suitable  for  a special  object.” 

Professor  Hughes  throughout  his  investigations  used  a Bell’s  telephone  as 
receiver,  and  admits  that  it  was  owing  to  the  discovery  of  that  sensitive  instru- 
ment that  he  was  able  to  follow  up  his  researches. 

TELEPHONES  AND  MICROPHONES  OF  SPECIAL  CONSTRUCTION. 

The  iron  wire  telephone  of  Ader  is  of  theoretical  interest.  Ader  tried  to  con- 
struct a telephone  without  a membrane ; for  this  purpose  he  used  iron  cores  of 
different  strength.  He  obtained  the  best  results  with  very  thin  iron  cores,  i.e. 
iron  wires.  Fig.  790  shows  one  of  these  forms  of  apparatus;  it  consists  of  a 
board  b,  through  which  the  iron  wire  E is  pushed  and  bent  at  e.  This  wire  is 
surrounded  by  the  coil  s,  which  is  wound  upon  a quill  f.  k is  a massive  piece 
of  copper,  which  is  soldered  to  the  free  piece  of  the  wire.  When  in  use  the 
leading  wires  of  this  apparatus  are  connected  with  the  terminals  p p',  and  the  ear 
is  placed  at  e.  Words  spoken  into  a distant  telephone  are  clearly  heard  when  the 
apparatus  is  4 or  6 inches  from  the  ear.  Ader  also  gave  his  iron  wire  tele- 
phone the  form  shown  in  Fig.  791.  The  iron  wire  m is  partly  soldered  to  the 
massive  copper  piece  f,  and  partly  to  the  copper  piece  d,  which  again  is  connected 
with  the  copper  piece  g.  The  upper  copper  piece  closes  the  upper  opening  of 
the  tube  which  encloses  the  whole  apparatus,  and  is  connected  with  e by  means 
of  a screw.  The  sounding-tube  e is  similar  to  that  in  Bell’s  telephone,  but  has 
no  central  opening.  The  copper  pieces  d g form  a cylinder,  which  almost 
fills  the  tube,  but  is  separated  from  the  walls  by  an  india-rubber  tube  placed 
over  it.  The  insulated  wires  c and  0 are  passed  through  the  copper  pieces, 
and  connected  to  the  ends  of  the  induction  coil  which  surrounds  the  iron  wire 
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at  b.  The  tube  is  closed  at  its  lower  end  by  the  ebonite  disc  i,  to  which  the 
two  terminals  are  fastened.  The  manner  of  working  of  the  two  telephones  last 
described  may  be  explained,  according  to  Du  Moncel,  in  the  following  manner ; 
It  has  been  mentioned  that  the  words  reproduced  by  a Bell  telephone  are  due 
to  the  undulatory  currents  which  are  collected  in  the  receiver,  and  which  cause 


Its  iron  disc  to  vibrate  in  exactly  the  same  manner  as  the  sound-waves  cause  the 
iron  disc  of  the  sender  to  vibrate.  This  explanation,  however,  is  not  complete ; 
It  still  leaves  the  question  unanswered  : Of  what  kind  are  the  vibrations  which 
the  iron  disc  makes  ? Does  the  disc  vibrate  as  a whole  with  transversal 
vibrations,  or  do  the  different  iron  particles  vibrate  with  molecular  vibrations 
only?  Th.  du  Moncel  argues  that  it  is  molecular  vibration  which  takes  place. 
Ader  constructed  the  telephones  which  are  described  above  for  the  purpose  of 
experimentally  determining  which  of  the  two  opinions  is  correct.  He  con- 
structed a telephone  without  a membrane,  that  is,  a telephone  where  transversal 
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vibrations  cannot  take  place.  As  he  succeeded  in  his  experiments,  he  became  0/  ti 
Th.  du  Moncel’s  opinion,  for  he  proved  by  them  that  the  reproduction  of  souno-i  i 
waves  is  not  exclusively  due  to  transversal  vibrations.  According  to  Th.  du  Moncel,..  ; 
the  mode  of  action  of  Ader’s  wire  telephone  is  as  follows  : The  undulatory\, 
currents  circulating  through  the  coil  d cause  molecular  vibrations  in  the  iron-; 
wire.  These  act  chiefly  in  a longitudinal  direction,  and  spread  more  quickly  thanr:, 
the  vibrations  of  the  heavy  mass  dg;  the  result  is  that  the  mechanical  effect  of  h 
the  vibrations  in  the  iron  wire  is  greatly  increased.  The  vibrations  are  then'.| 
mechanically  transmitted  to  the  mass^  and  spread  from  there  as  waves  of  sound  l! 
through  the  sounding-funnel.  Ader’s  iron  wire  telephone  greatly  resembles  Reis’s  si 
receiver  (Fig.  791).  The  sounding-board  is  replaced  by  the  copper  mass,  which  ii 
takes  part  in  the  vibrations  and  increases  their  effect. 

Fig.  792  represents  Breguet’s  mercury  telephone.  The  two  vessels  a contain -.j 
mercury,  over  which  acidulated  water  is  poured,  and  into  which  pointed  tubes  sj 

B,  nearly  filled,  are  allowed  to  dip.  Thes| 
mercury  in  the  tubes,  as  well  as  in  theej 
vessels,  is  connected  by  wires,  as  shown  in  'i 
the  figure.  The  effect  of  the  apparatus  is  sj 
based  upon  a physical  fact  discovered  by  r 
Ldppmann  when  sending  currents  of  electricity  f 
through  the  mercury  contained  in  capillary  ( 
tubes.  Lippmann  observed  that  in  every  v 
closed  circuit  electric  currents  are  produced  1 
when  the  surface  of  the  mercury  is  altered  1 
by  mechanical  means,  and  conversely  that  t 
electric  currents  alter  the  surface  of  the  mercury.  Breguet’s  telephone  is  based  i 
upon  these  electric  phenomena  of  capillary  attraction.  The  tubes  b b are  closed  1 
by  membranes,  which  are  connected  with  the  mouthpieces.  When  sound-waves  s 
impinge  on  the  membrane  of  one  part  of  the  apparatus  they  mechanically  affect  t 
the  mercury,  and  produce  electric  currents,  which  travel  to  the  second  capillary  r 
tube ; these  cause  a mechanical  alteration  of  the  mercury  surface,  making  the  e 
membrane  of  the  second  apparatus  to  vibrate  in  the  same  manner  as  the  mem-  - 
brane  of  the  first,  i.e.  the  waves  of  sound  of  the  first  apparatus  are  exacdy  ( 
reproduced  in  the  second  apparatus.  Breguet’s  mercury  telephone  may  be  used  i 
with  or  without  a battery ; in  the  latter  case  a special  arrangement  of  the  mer-  ■ 
cury  and  water  is  necessary. 

The  alteration  of  the  frictional  contact  between  two  surfaces,  due  to  the  r 
passage  of  a current  through  an  electrolyte  with  which  the  contact  is  damped, . 
was  made  the  basis,  by  Edison,  of  a so-called  electro-chemical  telephone.  _ A ^ 
flexible  metal  strip,  with  one  end  attached  to  the  centre  of  a vibrating  £ 
diaphragm,  rests  on  a wetted  cylindric  surface,  and  a current  is  passed  through  r 
the  contact.  Details  will  be  found  in  the  previous  edition  of  this  book. 

Dolbear  succeeded  in  the  construction  of  a receiver  based  on  electrostatic  « 
principles.  'I'his  receiver  consists  in  its  simplest  form  of  two  metal  discs  of  about 


I'  lg.  792. — Breguet’s  Mercury 
Telephone. 


The  Telephone. 


797 


2 inches  in  diameter,  which  are  placed  parallel  and  near  together,  but  in 
such  a manner  as  not  to  touch  each  other;  this  is  brought  about  by  a frame 
of  gutta-percha,  which  has  grooves  for  holding  the  discs,  as  shown  in  Fig.  793" 
The  gutta-percha  fastening  is  screwed  on  the  one  side  to  a lid,  which  carries 
the  mouthpiece  c,  and  on  the  other  side  to  a kind  of  knob  h,  which  serves 
as  a handle.  The  screw  s is  connected  with  the  disc  nearest  to  it,  but  as  this 
disc  is  held  by  the  gutta-percha  fastening,  and  at  the  same  time  by  the  screw 
which  passes  through  its  middle,  it  cannot  vibrate.  The  disc  near  the  mouth- 
piece is,  however,  only  fastened  by  its  edges,  and  can  be  made  to  vibrate. 


The  screw  s not  only  prevents  the  first  disc  from  vibrating,  but  also  regulates 
the  distance  between  the  two  discs.  Each  of  the  metal  discs  is  connected 
with  a terminal.  The  terminals  also  receive  the  ends  of  the  secondary  wire  of 
an  induction  coil,  so  that  the  two  discs  form,  so  to  speak,  the  poles  of  an 
induction  coil  connected  with  a condenser,  in  which  air  represents  the 
insulating  layer  between  the  plates.  The  two  discs,  therefore,  receive  opposite 
electrical  charges,  as  soon  as  induced  currents  are  generated  by  the  induction 
coil.  A series  of  induced  currents  will  cause  a series  of  charges,  and 
as  the  opposite  electrical  charges  of  the  two  discs  cause  attraction  between 
them  every  time  they  are  produced,  a series  of  attractions  will  be  the  conse- 
quence, />.  the  movable  disc  will  be  made  to  vibrate.  These  vibrations  are 
themselves  sufficiently  powerful  to  be  perceptible  to  the  ear.  If  a transmitter 
of  any  construction  be  now  inserted  in  the  circuit  of  this  arrangement,  the 
induced  currents  will  cause  the  free  disc  in  the  apparatus  to  vibrate,  and 


Fig-  793 — Dolbear’s  Receiver. 


Fig.  794- — Dunand’s  Torsion  Microphone. 
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it  will  act  as  a receiver.  The  best  results  were  obtained  by  using  an  induction 
coil  which  had  a resistance  of  from  4,000  to  ^,000  ohms.  The  electro-motive 
force  of  the  induced  currents  is  considerable,  and  the  usual  way  of  insulating 
the  wires,  as  in  telegraph  lines,  would  not  be  sufficient.  The  difficulty,  however, 
may  be  avoided  by  arranging  the  induction  coil  near  the  receiver,  instead  of 
placing  it  close  to  the  transmitter.  The  comparatively  weak  primary  currents 
only  will  then  be  sent  through  the  leads,  and  induced  currents  of  high  potential 
generated  at  the  receiving  station,  the  coil  acting  as  a transformer. 

In  Dunand’s  torsion  microphone.  Fig.  794,  two  thin  iron  plates  .\  a'  are 
surrounded  by  a woodeh  ring,  so  as  to  form  a kind  of  box.  Inside  this  box 


Fig.  795-  — The  Thermophone. 


the  carbon  contacts,  well  protected  from  dust,  etc.,  are  placed.  The  two 
carbon  discs  b b are  fastened  in  the  middle  of  the  iron  discs,  and  a conical 
carbon  piece  of  about  half  an  inch  in  length  presses  against  them.  One 
end  of  the  wire  f f,  which  is  wound  round  the  carbon  piece,  is  fastened  to 
the  wooden  frame,  whilst  the  other  end  terminates  in  the  knob  e.  The 
contacts  may  be  altered  by  turning  this  knob,  thus  altering  also  the  sensi- 
bility of  the  microphone  j by  having  two  membranes,  two  voices  may  be 
conveniently  transmitted  at  the  same  time. 

Ader  reproduced  speech,  as  already  mentioned,  by  causing  undulations 
in  a stretched  iron  wire  connected  with  larger  metal  masses.  Wildbrant 
showed  that  the  reproduction  succeeded  also  with  wires  of  other  material,  wher 
only  the  undulations  were  sufficiently  strong.  When  Mr.  Preece  had  experi- 
mentally convinced  himself  of  the  correctness  of  this  fact,  he  constructed  the 
apparatus  shown  in  Fig.  795,  on  the  plan  of  the  thermophone  described  by 
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F.  I.  Pisko  in  his  “Telephonic.”  This  instrument  originally  consisted  of  a 
thin  platinum  wire  stretched  between  a membrane  and  an  adjusting  screw. 
The  undulatory  electric  currents  conveyed  through  the  wire  produce  by  their 
altering  strength  an  undulating  heat  effect,  which  manifests  itself  by  the  con- 
traction and  expansion  of  the  wire,  i.e.  by  the  vibration  of  the  membrane. 
In  the  latest  form  of  the  thermophone  by  Preece,  a glass  tube  closed  at  the 
end  by  a cork,  as  shown 
to  the  left  of  the  figure, 
is  employed.  Two  wires 
are  passed  through  the 
cork,  and  between  them 
is  placed  a platinum 
spiral.  The  undulating 
currents  cause  heat- 
waves in  the  latter,  and, 
in  consequence  of  this, 
the  wire  contracts  and 
expands,  and  the  air  in 
the  tube  begins  to 
vibrate.  Up  to  the 
present,  however,  only 
feeble  results  by  this 
action  have  been  ob- 
tained. 

Of  the  numerous  mi- 
crophonic  transmitters 
which  have  been  in- 
vented during  the  last 
fifteen  years  it  would  be 
impossible  to  give  even 
a summary  here ; but 

there  is  one  we  must  refer  to  both  on  account  of  the  excellence  of  the  results  and 
the  simplicity  of  its  construction.  This  is  the  “ Runnings  ” transmitter,  patented 
in  1878  by  Mr.  Runnings,  a clergyman.  In  its  simplest  form  it  consists  of  a 
shallow  box.  filled  with  granulated  bits  of  carbon  between  two  conducting  plates, 
which  are  connected  to  the  electrodes.  A mouthpiece  is  mounted  in  front  of 
the  top  plate,  which  in  the  most  recent  forms  consists  of  a piece  of  platinum 
foil  protected  from  mechanical  injury  on  the  mouthpiece  side  by  fine  wire 
gauze. 

A more  elaborate  form  recently  adopted  for  the  long-distance  transmission 
on  the  New  York-Chicago  line  is  depicted  in  Fig.  796,  in  which  the  working 
parts  are  shown  in  order,  similarly  lettered  and  separated  from  one  another 
below  the  figure  of  the  complete  instrument.  The  hollow  box  to  receive  the 
microphone  is  formed  in  the  front  part  of  the  .solid  brass  block  w,  the  walls 
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Fig.  796. — Long-Distance  Runnings  Transmitter. 
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being  lined  with  paper  to  prevent  short-circuiting.  The  electrodes  b and  e are 
flat  buttons  of  anthracite  carbon  j b has  a brass  disc,  a,  soldered  to  it,  carrying 
a pin  screwing  into  w.  The  electrode  e carries  a similar  disc,  b,  which  is 
firmly  clamped  to  a mica  disc  m by  the  screw  p and  the  nut  n.  The  mica  disc, 
which  is  larger  than  E,  is  clamped  by  c on  to  the  front  of  w,  leaving  e free 
to  move  backwards  and  forwards  inside  the  cavity ; e is  also  clamped  to  the 
centre  of  the  sound-receiving  diaphragm  d by  a nut.  The  weight  of  the 
chamber  is  not  borne,  however,  by  the  diaphragm,  but  by  a heavy  bridge-piece. 
Ihe  chambered  space  between  b and  e is  filled  with  finely-granulated  retort 
carbon  free  from  dust,  and  the  innumerable  contacts  between  the  little  pieces 
give  a wide  range  of  variable  resistance  when  e is  set  in  motion  by  the  move- 
ments of  the  diaphragm  d. 


TELEPHONE  INSTALLATIONS. 

A.  DOUBLE  ST.A.TIONS. 

Fig.  797  shows  the  arrangement  of  magneto-electric  telephones  at  the  stations 
A and  B.  ss'  represent  the  sending  apparatus ; h h'  the  receiving  apparatus ; 
K k'  bells ; t t'  keys,  and  v v'  batteries  : e e'  are  earth-plates.  If  A wishes 
to  communicate  with  B,  the  key  x is  first  pressed  down,  and  thus  a contact  is 
produced  at  closing  the  following  circuit  : v,  a,  x,  through  the  line  to  station 


Fig.  797. — Telephone  Stations. 


The  Telephone. 


8oi 


B,  t',  b\  lever  c',  contact  c'  to  the  bell  k',  from  here  through  contact  d'  to  the 
earth  e'  e,  and  back  to  battery  v.  The  bell  k'  will  therefore  ring  so  long  as  t is 
held  down  at  station  a.  The  current  flows  through  the  bell  arrangement  in 
the  following  manner;  First  through  the  coils  of  the  electro-magnet  i\  then 
over 7i' d'  to  the  earth.  The  magnet  attracts  the  armature  which  is  fastened 
to  the  lever  at  //,  causing  it  to  strike  against  the  bell  At  this  moment  the 
circuit  is  broken  because  the  lever  loses  contact  with  d\  and  therefore  the 
electro-magnet  lets  go  its  armature  vi,  which  swings  back  into  its  original 
position,  making  contact  again  at  d\  when  the  magnet  will  again  attract  the 


Fiji.  798. — Weir.hold’s  Bell. 


Fig.  799. — The  Resonator. 


armature,  etc.  b returns  the  signal,  pressing  t'  down.  By  taking  down  the 
receivmg  instruments  h and  h'  from  the  levers  c c',  contact  is  made  at  n and 
bpeaking  at  a generates  wave-currents  in  s,  which  flow  to  the  contacts  «,  A t, 
^roug  t e line  to  t',  U , c',  n'  and  s',  to  the  receiver  h',  returning  again  over 
E E,  and  the  telephone  h,  back  to  s.  The  undulating  currents  generated  at  station 
telephone  s'  flow  through  the  same  circuit  in  the  reversed  direction, 
hen  communication  is  at  an  end  the  telephones  H h'  are  put  in  their  places 
again,  thus  producing  the  original  connections  necessary  for  signalling.  In  practice 
however,  the  same  kind  of  magneto-electric  apparatus  is  seldom  used  both  for 
receiver  and  transmitter,  for  reasons  mentioned  already ; as  a rule,  a microphone 
IS  used  as  a transmitter,  and  a magneto-electric  telephone  as  receiver.  The  arrange- 
ment is  very  nearly  the  same  as  shown  in  Fig.  797,  when  the  telephones  are  taken 
ofUxcept  that  two  contacts  will  have  to  be  made  by  the  levers  cc',  as  there 
will  now  be  two  currents,  viz.  the  primary  and  the  secondary. 

Fit  “f  'he  arrangement  shown  in 

g-  797,  e must  describe  some  of  the  separate  instruments  included  in  the 
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various  circuits.  Bells  of  veiy  simple  construction,  serving  as  call  apparatus,  ‘ 
have  been  constructed  by  Fein,  A.  Weinhold,  and  Abdank-Abakanowicz. 
The  instrument  constructed  by  Weinhold  is  shown  in  Fig.  798.  The  iron 
gong  G is  screwed  on  to  the  upper  end  of  the  metal  stand  a j m is  an 
electro-magnet,  having  its  coils  at  Si  and  So ; the  rounded  pole-pieces  of 
these  are  placed  within  the  bell  close  to  the  edge.  The  coils  are  connected 
with  each  other,  and  also  with  terminals,  to  which  the  line-wires  are 
joined  by  the  wires  d^.  One  of  these  terminals  is  shown  at  Kj.  The  wooden 


Fig.  Soo. —Abdank-Abakanowicz’  Call  Apparatus. 


hammer  k is  fastened  to  the  wooden  piece  v,  and  pressed  against  the  bell  by 
means  of  the  spring  f.  If  the  hammer  is  allowed  to  fall  upon  the  bell  the  latter 
will  vibrate  violently,  and  will  cause  the  edges  of  the  bell  alternately  to  approach 
and  recede  from  the  coils  and  their  pole-pieces,  thus  producing  induced  currents 
in  the  coils.  When  these  currents  reach  the  distant  station  they  cause  the 
telephone  membrane  to  vibrate  so  violently,  that  the  latter  emits  a sound,  wh^ich 
is  still  further  increased  by  means  of  a resonator,  shown  m Fig.  799.  This 
resonator  must,  however,  agree  with  the  bell  within  half  a tone.  _ 

The  apparatus  constructed  by  Abdank-Abakanowicz  is  shown  m ig.  00. 
The  steel  spring  c is  fastened  to  the  horse-shoe  magnet  a a.  This  spring  carries 
the  induction  coil  b with  its  armatures  at  its  lower  end,  by  means  of  "’hich  the 
iron  core  inside  the  coil  is  covered.  When  at  rest  the  spring  c stands  parallel  to 
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the  plane  of  the  magnet-arms  and  the  coil  lies  exactly  between  the  two  arms. 
When  the  coil  is  drawn  from  this  position  by  means  of  d (as  shown  in  the  figure), 
and  then  suddenly  allowed  to  swing  back,  it  will  oscillate  between  the  magnet- 
poles  A A,  causing  induced  alternating  currents  in  the  coil ; these  currents  are 
conveyed  through  the  spring  c and  the  clamp  K,  and  through  the  spiral  r 
and  the  clamp  Kj,  to  the  bell  of  the  distant  station,  which  is  a so-called 
polarised  bell  analogous  in  construction,  as  may  be  seen  from  the  figure,  to 
the  induction  apparatus,  except  that  in  the  place  of  the  handle  a ball  fastened  to  a 
rod  is  used.  Two  horseshoe  magnets  have  their  poles  bent  vertically  upward, 
and  a flat  spring  having  a coil  in  its  middle  portion  is  fastened  between  them. 
When  the  alternating  currents,  generated  in  the  induction  apparatus,  reach  the 
coil,  the  flat  iron  spring  will  swing  to  the  right  and  left,  causing  the  knob  to 
strike  each  bell  alternately.  Experiments  have  proved  that  the  current  is 
sufficient  to  ring  a bell  at  a distance  of  150  miles. 

Other  forms  of  magneto-electric  apparatus  have  been  devised  for  the  purpose 
of  “ ringing-up  ” as  it  is  called.  These  usually  consist  of  a miniature  alternate- 
current  dynamo  whose  armature,  when  rotated  by  hand,  generates  currents  of 
sufficient  magnitude  to  work  some  form  of  polarised  bell,  such  as  that  just 
described.  The  great  advantage  of  this  form  of  ringing-up  apparatus  is  the 
abolition  of  the  battery  which  is  required  to  ring  the  ordinary  trembling  bell.  But 
when  microphonic  transmission,  which  is  now  very  general,  is  employed,  a 
battery  is  required  for  the  microphone  circuit ; and,  augmented  if  necessary,  this 
battery  may  also  be  used  for  ringing-up. 

Telephone  Stations. — Returning  now  to  this  subject,  we  shall  first  consider 
stations  where  magneto-electric  telephones  are  used  exclusively.  Care  has  to  be 
taken  that  the  several  parts  of  the  apparatus  are  well  arranged,  and  protected  from 
dust,  etc.  As  an  example  of  such  an  installation,  we  shall  first  describe  a German 
telephone  office,  as  it  is  described  in  Grahwinkel’s  “ Lehrbuch  der  Telephonic.” 
Fig.  801  gives  an  outside  view  of  the  whole  apparatus ; Fig.  802,  the  inside  of 
box  K.  1 here  are  to  be  seen  from  outside  the  receiver  t,  which  hangs  on  the 
hook  h,  the  mouthpiece  m of  the  transmitter  s;  the  little  box  e,- which  contains 
the  electro-magnet  for  ringing-up;  the  belle,  with  its  hammer,  and  the  key 
t.  The  remaining  portions  of  the  apparatus  are  enclosed  in  the  box  k,  which 
contains,  besides  the  sender  s,  the  contact  lever,  the  contact  arrangements  be- 
longing to  the  key,  and  a lightning-protector.  The  contact  arrangements  for 
ringing-up  consist  of  the  wooden  board  d,  to  which  are  fastened  the  three  brass 
pieces  ;;q,  and  is  attached  to  the  metal  strip  f,  which  has  at  its 

upper  end  the  cylindrical  piece  /'horizontally  arranged,  and  reaching  through  the 
side  of  the  box  as  key  /.  By  pressing  upon  / the  cylinder  /'  is  pushed  against  the 
contact-plate  fastened  in  b,  and  the  current  of  a battery  consisting  of  from  five  to 
SIX  Leclanchd  cells  is  sent  through  the  line  to  the  signalling  apparatus  of  the 
distant  station.  The  contact-lever  ^ c,  one  end  of  which  reaches  a hook, /i, 
through  the  side  of  the  box,  moves  about  the  axis  the  other  end  of  this  lever 
has  two  contacts,  opposite  to  which  are  the  contact-piece  on  the  one  side  and 
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the  contact-screw  p on  the  other.  The  spiral  spring  f tends  to  draw  the  inner 
end  of  the  lever  downward,  i.e.  tends  to  make  contact  at  As  long  as  the 
telephone  t hangs  on  the  hook,  the  contact  at  p is  closed  by  the  lever  c c ; but 
when  T is  removed  from  the  hook,  the  spring  f draws  the  lever  downward, 
making  contact  at  p-^,  whereby  the  bell  is  taken  out  of  circuit,  and  connection 
made  between  the  two  telephone  stations. 

The  apparatus  for  protection  against  lightning  is  intended  not  only  to 
protect  the  apparatus  and  locality  against  currents  of  atmospheric  electricity. 


Fig.  801.  Fig.  802. 

German  Transmitting  and  Receiving  Instruments. 


but  also  persons  operating  or  standing  near  the  instrument.  The  construction 
of  the  lightning-protector  is  shown  in  detail  in  Fig.  803.  The  spindle  con- 
sists of  a brass  cylinder  m.  One  end  of  it  is  screwed  into  the  ebonite  piece  e, 
the  other  end  is  connected  with  the  ebonite  piece  e,  by  means  of  a screw  ■,  wj 
and  OTo  are  brass  cylinders,  forming  the  end  portions  of  the  spindle,  which  con- 
sists of  three  brass  cylinders,  M and  in„,  insulated  from  each  other.  Copper 
wire  of  0*004  inch  diameter  carefully  covered  with  silk  is  wound  round  the  por- 
tions m m.  The  wire  ends  of  the  coils  are  led  through  the  grooves  «,  and  connect 
the  coils  with  each  other  as  well  as  with  the  two  brass  cylinders  ///^  and  by 
means  of  the  binding  screws  s and  The  middle  portions  of  the  spindle, 
being  covered  with  wire  d d,  do  not  touch  the  sides  of  the  hollow  space  h h 
of  the  brass  piece  a^.  Care  is  taken  that  the  contact  shall  be  good  between 


The  Telephone. 


805 


the  brass  pieces  a'j  and  cj,  and  the  brass  cylinders  m and  w„.  This  is 
brought  about  by  the  springs/Z^/g  fastened  to  the  screws  r r^. 

The  battery  currents  reach  the  lightning-protector  through  l>,  passing  through 
the  brass  cylinder  m,  then  through  s n d ti  d ?i  into  the  brass  piece  and 
then  to  the  telephonic  apparatus  (compare  Fig.  802).  If  a current  of  high 
potential  reaches  the  leads  towards  during  a thunder-storm,  for  instance, 
the  main  portion,  instead  of  flowing  through  the  thin  wires  d d,  will  cross  the 
teeth  of  and  (Fig.  802),  and  then  flow  to  the  earth.  If  the  branch 
current  entering  at  ^ ^ is  still  sufficiently  powerful,  it  will  destroy  the  thin  wire 
of  the  coil,  or  its  silk  insulation,  making  contact  with  the  piece  leading  to 
earth.  When  such  an  appar- 
atus has  been  destroyed,  the 
spindle  is  taken  out  from  the 
pieces  b-^  a-^  and  replaced 
by  a new  one.  In  order  that 
the  line  may  not  be  broken 
during  these  manipulations,  a 
strong  brass  spring  F,  which 
has  a contact  at  c,  is  screwed 
to  by  As  long  as  the  spring 
F is  in  its  place,  it  presses  with 
its  ebonite  block  e against  the 
knob  K of  the  spindles  and 
prevents  c and  from  touch-  Fig.  803.— Spindle  Lightning-Protector, 

ing.  If  the  spindle  is  taken 

out,  the  spring  f presses  the  contact-pin  down,  and  connects  and  Cy  The 
efficiency  of  this  contrivance  is  shown  by  the  following'  fact : An  unusually  heavy 
thunder-storm  passed  over  Leipzig  on  the  19th  May,  1884,  at  which  time  there 
were  285  offices  established;  although  only  two  electro-magnets  were  damaged, 
forty-one  spindles  had  to  be  renewed.  A piece  of  an  insulator  was  broken  off, 
and  the  wires  belonging  to  it  were  also  torn. 

Ader’s  station  installation  is  shown  in  Fig.  804.  The  several  instruments 
are  either  enclosed  in  a desk-shaped  box  or  fastened  to  it.  The  lightning- 
protector  B is  arranged  outside.  The  key  t,  by  means  of  which  the  bell 
at  the  next  station  may  be  rung,  the  receiving  telephone,  which  hangs 
on  the  hook  h of  the  contact-lever,  and  the  membrane  M,  are  also  placed 
outside  this  box.  Inside  is  placed  an  Ader’s  microphone,  which  consists  of 
twelve  carbon  rods  k,  forming  twenty-four  contacts  with  the  carbon  prisms, 
which  are  arranged  cross-wise.  The  induction  coil  is  placed  at  j,  and  the 
contact-lever  c is  fastened  upon  a board  which  is  arranged  over  j.  The  bell 
is  placed  separate  from  the  apparatus,  and  a battery  is  used  to  work  it. 

Fig.  805  shows  an  arrangement  by  De  Locht-Labye.  A thin  cork  plate,  p, 
is  placed  in  the  little  box  to  the  left.  To  the  lower  portion  of  it  is  fastened  the 
carbon  disc  k,  against  which  the  contact-pin  leans.  To  the  right  is  placed 
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the  electro-magnet  w of  the  alarm,  the  bell  of  which,  g,  is  placed  outside  the 
box ; the  disc  s is  connected  with  the  electro  magnet,  and  thus  an  optical 
signal  is  given  at  the  same  time  as  the  bell  signal.  The  receiver,  as  before, 
is  placed  on  the  hook  h fastened  to  the  contact-lever  c.  j is  the  induction 
coil,  and  t the  key  for  making  contact  in  the  bell  circuit. 

The  history  of  telephone  development  in  the  United  Kingdom  has  been 
peculiar;  and,  had  we  space,  a digression  relative  to  it  would  prove  interesting. 

We  must,  however,  content  our- 
selves with  pointing  out  that  two 
dominating  factors  have  had  enor- 
mous influence  on  it.  The  first  of 
these  arose  from  the  sweeping  de- 
cisions given  in  the  law  courts  with 
respect  to  the  scope  of  the  Bell 
Telephone  patents  in  this  country. 
It  would  be  useless  to  discuss  the 
scientific  accuracy  of  these  decisions, 
since  the  patents  have  now  expired. 
But  the  practical  effect,  until  quite 
recently,  was  to  strangle  the  inven- 
tion of  new  forms  either  of  magneto 
or  microphone  telephones.  Notwith- 
Ji  standing  the  adverse  conditions, 

several  most  important  types  of  in- 
struments were  invented  and  brought 
to  perfection  ; but  one  after  another 
they  were  attacked  in  the  law  courts 
and  ruled  to  be  infringements,  chiefly 
through  a strained  legal  definition 
of  the  word  “diaphragm”  altogether 
outside  the  bounds  of  common 
sense. 

The  other  dominating  factor  is 
j£  the  monopoly  claimed  by  the  Post 

Fig.  804.— Ader’s  Telephone  Station.  Office,  under  the  Telegraph  Acts, 

over  every  kind  of  communication 
between  distant  points  in  which  electricity  is  used  as  the  transmitting  agent 
The  exact  legal  value  of  this  claim  has  never  been  fought  out  to  the  end,  but 
a working  compromise  has  been  established  under  which  telephone  companies 
can  obtain  licences  from  the  Post  Office  to  conduct  their  business.  The  Post 


Office  itself  also  has,  to  some  extent,  entered  upon  the  business,  and  quite 
recently  has  shown  laudable  activity  in  the  construction  of  trunk  lines  for  the 
purposes  of  inter-urban  telephonic  communication. 

Under  these  circumstances  it  may  be  of  interest  for  us  to  describe  the  details 


The  Telephone. 


807 


of  the  telephone  apparatus  at  present  used  by  the  English  Post  Office.  This  may 
be  described  as  a carbon  pencil  microphone  transmitter,  combined  with  a Bell 
magneto  receiver. 

The  microphone  part  of  the  transmitter  is  shown  in  Fig.  806,  which  represents 
the  cover  (partly  raised  to  show  the  inside)  which  is  placed  over  the  apparatus  on 
the  base  depicted  in  Fig.  807.  The  form  of  microphone  is  one  originally  devised 
by  Gower,  and  known  as  the  Gower-Bell  transmitter,  but  its  details  have  been 
modified  and  improved  by 
the  Post  Office.  It  is,  ob- 
viously, merely  a special 
arrangement  of  Hughes’ 
original  microphone  (Fig. 

763),  and  consists  of  eight 
carbon  cylinders  or  pencils 
mounted  at  the  back  of  a 
thin  pine-wood  board  7 
inches  long  and  45  inches 
wide.  This  board  is 
mounted  on  a substantial 
wooden  frame  with  small 
india-rubber  pads  inter- 
posed, for  the  purpose  of 
intercepting  vibrations  to 
which  the  body  of  the  in- 
strument may  be  subjected. 

Two  strips  of  thin  copper, 
c c,  each  having  an  angular 
outline,  are  fixed  on  the 
lower  side  of  the  pine  board, 
and  on  each  of  these  are 
fastened  four  carbon  but- 
tons by  means  of  little  brass  bolts  passing  through  the  centre  of  each  button 
and  through  the  diaphragm,  and  having  little  nuts  on  the  lower  or  inner  ends. 
The  upper  ends  of  these  bolts  protrude  right  through  the  board,  so  as  to  prevent 
it  being  used  as  a desk  for  writing  purposes,  for  which  its  slope  would  other- 
wise make  it  very  convenient,  with,  however,  the  danger  of  a probable  disloca- 
tion of  the  carbon  pencils  underneath.  There  is  also  one  large  central  carbon 
button  fixed  to  the  board  in  the  same  way.  The  carbon  pencils  are  small 
cylinders  with  their  ends  turned  down  to  fit  loosely  into  circular  holes  in  the 
buttons.  They  are  arranged  in  the  order  shown,  which  may  be  described 
electrically  as  four  in  parallel  and  two  in  series.  In  all,  there  are  sixteen 
microphonic  contacts. 

1 he  copper  strips  c c are  connected  by  wires  to  two  substantial  pieces  of 
brass,  b,  of  which  one  only  is  shown  in  Fig.  806.  When  the  cover  is  placed  in 
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position  on  the  base  a a (Fig.  807),  these  blocks  are  screwed  tightly  to  the 
angle-shaped  pieces  of  brass  b b,  making  good  electrical  contact.  The  other 


Fig.  806. — Microphone  of  the  Post  Office  Telephone  Apparatus. 


Fig.  807. — Base  of  Post  Office  Telephone  Apparatus. 


apparatus  shown  on  the  board  consists  of  the  levers  l,  for  hanging  up  the  . 
receivers  when  not  in  use.  This  process  of  hanging  up  changes  the  contacts  at  e 
the  far  ends  of  the  levers  from  to  and  from  to  respectively.  The  ; 


The  Telephone. 


809 

induction  coil  is  at  i,  and  there  are  eight  terminal  screws  along  the  lower  part  of 
the  board,  which  are  left  exposed  when  the  cover  is  screwed  down. 

The  connections  between  the  various  parts  are  made  by  wires  at  the  back  of 
the  board  and  are  shown  diagrammatically  in  Fig.  808,  where  the  eight  terminal 
screws  at  the  bottom  of  the  board  are  numbered  for  reference.  The  induction  coil 
is  represented  by  thin  and  thick  spirals,  and  there  is  a press-button  p for  ringing- 
up,  not  shown  in  the  other  figures.  The  receivers  r r are  represented  as  hanging 
on  the  levers  u,  the  cords  attached  to  them  consisting  of  twin  wires  whose 
other  ends  are  connected  to  the  screws  on  the  board  ; the  screws  themselves 
being  so  cross-connected  that  the  two  receivers  are  in  parallel.  The  various  fine 


Fig.  808. — Connections  of  Post  Office  Telephone  Apparatus. 


straight  lines  represent  the  connecting  wires,  which  are  insulated  from  one 
another  where  they  cross  on  the  diagram. 

When  used  for  " simple  ” working  on  short  lines  whose  resistance  does  not 
exceed  200  ohms,  an  ordinary  trembling  bell  is  attached  to  terminals  i and  3, 
the  line  wires  are  attached  to  4 and  5,  and  a split  battery  of  Lelanche  cells  to 
5,  6,  and  7.  In  this  case  terminals  2 and  8 are  not  used.  A wire  is  inserted  in 
the  position  of  the  dotted  line  s. 

As  shown  the  apparatus  is  ready  to  receive  a “ call.”  A current  coming  by 
the  line  wire  to  4,  passes  through  p to  the  centre  of  lever  Lo,  then  through  spring 
and  the  wire  j to  terminal  i,  through  the  bell  back  to  terminal  3,  then  through 
spring  lever  Lj,  to  terminal  5,  and  back  by  the  other  line  wire.  The  bell  is 
thus  rung  without  the  current  passing  through  any  other  resistances  but  those  of 
connecting  wires  and  contacts. 

The  receivers  r r being  now  lifted  off  the  hooks  and  held  to  the  ears,  currents 
coming  by  the  line  wires  have  a totally  different  course.  Arriving  at  terminal  4 
a current  passes  through  p to  Lg  as  before,  but  now  the  contact  is  made  with 
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spring  (Tj  instead  of  spring  From  c.^  the  current  passes  through  the  fine  spiral 
of  the  induction  coil,  through  the  two  receivers  in  parallel,  then  to  l^,  and  back 
to  line  through  terminal  5.  The  telephonic  message  is  therefore  heard  in  the 
receivers. 

For  transmitting,  the  above  circuit  is  acted  on  inductively  by  the  primary 
spiral  of  the  induction  coil,  and  the  induced  currents  take  the  path  just  traced 
out.  The  primary  spiral  is  in  circuit  with  the  battery  and  the  microphone,  which 
causes  the  sonorous  pulsations  in  the  battery  current.  The  battery  current  takes 
the  following  course  : — Starting  from  terminal  6,  it  passes  through  the  thick  wire 
spiral  of  the  induction  coil  to  the  block  thence  through  the  microphone  m to 
the  block  by  through  spring  to  L^,  and  back  to  the  battery  by  terminal  5.  Thus 
any  change  of  resistance  at  m alters  this  current.  The  requisite  changes  of 
resistance  are  brought  about  by  simply  talking  near  and  towards  the  sloping 
board  (Fig.  806),  which  carries  on  its  under-side  the  sixteen  microphonic  contacts. 
It  is  not  necessary  or  advisable  to  shout  or  talk  loudly  to  the  board.  Clear  and 
distinct  enunciation  in  an  ordinary  conversational  tone  of  voice,  with  the  speaker’s 
mouth  ten  or  twelve  inches  from  the  board,  gives  excellent  results  if  the  line 
be  in  good  working  order. 

The  circuit  for  ringing-up  the  exchange  or  the  distant  correspondent  is  very 
simple.  When  the  button  p is  pressed,  the  spring  /■  breaks  contact  on  the  left 
and  makes  contact  with  the  knob  a below.  The  current  of  the  full  battery 
starting  from  terminal  7 passes  through  a and p to  terminal  4,  away  to  the  distant 
end  and  back  to  the  battery  by  the  other  line  through  terminal  5. 

We  have  described  the  courses  of  the  various  currents  when  the  apparatus  is 
used  upon  a simple  telephone  line.  Without  altering  the  internal  connections  it 
can  also  be  used  at  an  exchange  or  at  an  intermediate  office,  or  at  an  ordinary 
subscriber’s  office.  If  necessary  a relay  can  be  inserted  for  ringing-up  purposes. 
It  is  therefore  applicable  to  all  the  usual  requirements  of  ordinary  telephone 
work. 

It  only  remains  to  add  that  the  Bell  magneto  receivers  are  of  the  double-pole 
pattern,  very  little  modified  from  Siemens  and  Halske’s  pattern  shown  in 
Fig.  770,  but  without  the  wdiistle  p.  These  are  found  to  be  very  sensitive  and  ' 
well  adapted  for  all  ordinary  work,  including  the  London- Paris  long-distance 
telephony,  to  the  details  of  which  we  shall  allude  more  fully  in  a subsequent 
section. 

We  have  only  at  present  considered  the  arrangements  for  a simple  station; 
we  shall  next  consider  the  arrangements  for  central  stations.  The  wires  of 
all  the  subscribers  must  terminate  at  the  central  station,  because  each  of  the 
subscribers  must  be  able  to  communicate  with  the  central  office,  and  also  with  ■ 
every  other  subscriber.  For  this  purpose  a commutator  must  be  placed  at  the 
central  station,  by  means  of  which  the  above  conditions  are  fulfilled.  This 
instrument  then  must  consist  of  an  apparatus  by  means  of  which  every  sub- 
scriber can  indicate  that  he  desires  to  speak,  and  further,  of  an  apparatus  that 
enables  the  different  subscribers  to  communicate  with  each  other.  Instru- 
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merits  of  various  forms  and  constructions  are  in  use,  but  in  principle  can  be 
divided  into  two  main  types,  viz.  the  Schvveizer  apparatus  and  the  Jack-knife 
apparatus. 

The  principle  of  the  Schweizer  apparatus  may  be  seen  in  Fig.  809.  Upon 
base  board,  usually  in  the  form  of  a desk,  are  fastened  the  metal  bars  abc 
. . . T and  E;  the  well-insulated  bars  1234  are  arranged  over  these.  The 


or  plates ; the  bars  123 

A, 


are 


bars  abed  are  called  horizontal  bars 
called  vertical  bars.  T is  termed 
the  telephone-bar,  and  e the  earth- 
bar,  because  t is  connected  with 
the  speaking  apparatus  of  the  central 
office,  and  e with  the  earth  - wires. 

The  wires  of  the  subscribers  termi- 
nate on  the  vertical  bars  at  i,  2,  3 
...  having  first  passed  the  indica- 
tors . . . i^.  The  horizontal  bars, 
when  at  rest,  are  single  insulated 
metal  strips.  The  bars  may  all  be 
connected  with  each  other  at  their 
crossings  by  means  of  metal  plugs. 

The  mode  of  action  of  this  apparatus 
is  as  follows  : If  none  of  the  sub- 
scribers wishes  to  communicate  with 
another,  all  the  plugs  will  be  inserted 
in  the  bars  (as  seen  in  the  figure  in), 
i.e.  the  wires  of  all  the  subscribers  go 
through  their  respective  indicators, 
and  then  through  the  vertical  bars  to 
the  earth -bar  e,  and  so  to  earth. 

When  one  subscriber  wishes  to  com- 
municate with  another,  he  signals 
with  the  help  of  the  apparatus  to  the 
central  station.  The  slide  of  this 
subscriber  now  falls  down  at  the 
central  station,  and  allows  his  number 
to  appear.  The  officer,  seeing  that  a subscriber  (for  instance.  No.  4)  wants 
to  speak,  takes  the  plug  out  of  e and  places  it  at  iv.  Bar  4 is  now  connected 
with  the  telephone  bar,  and  the  subscriber  can  be  questioned  about  his  wishes. 
Suppose  now  that  it  is  made  known  at  the  central  office  that  Aj  wishes  to  speak 
with  The  plug  of  Aj  IS  taken  out  of  the  e bar  and  placed  at  i,  also  the 

Lri  f ^ this  manner  the 

Xrh  hn  connected.  Although  it  does  not  matter 

in  tfp  chosen,  care  has  to  be  taken  that  both  plugs  are  placed 

n the  same  horizontal  bar  without  leaving  their  vertical  bars,  and  that  only 
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such  horizontal  bars  are  chosen  as  are  not  in  use  already.  If,  for  instance, ii 

A|  is  connected  with  Ao  by  having  their  plugs  inserted  at  i and  ii,  the  horizontal^^ 

bar  c can  no  longer  be  used  for  connecting  Ag  with  a^;  either  a,  b,  or  d must^ 

be  chosen.  ^ i 

An  instrument  constructed  on  the  principle  of  the  Schweizer  apparatus  by  ■ 
J.  Berliner,  of  Hanover,  for  twenty-five  subscribers,  is  shown  in  Fig.  8io.  The  : 


Fiy.  Sio. — Berliner’s  Central  Commutator. 


commutator  is  arranged  upon  a desk-shaped  frame  placed  on  the  table,  and  the 
indicators  are  arranged  in  a vertical  box  placed  behind  the  table.  Berliner 
arranges  the  horizontal  bars  above  the  vertical  bars.  On  the  table  lies  a 
double  plug,  by  means  of  which  either  the  call  or  speaking  apparatus  of  the 
station  may  be  connected  with  that  of  any  one  who  wishes  to  communii 
cate.  To  the  left  of  the  table  are  placed  the  sending  and  receiving  appa 
ratus  of  the  central  station.  Underneath  the  table  is  a box  containing  the 
inductor  for  the  tell  apparatus,  for  which  a battery  may  be  substituted.  In 
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Earth. 


the  figure  it  is  assumed  that  4 is  communicating  with  8,  9 with  22,  and  16 
with  17.  The  plugs  of  the  remaining  subscribers  remain  in  the  lowest  hori- 
rontal  bar. 

The  Jack-knife  Apparatus,  devised  by  Wilson  and  Haskins,  is  shown 
in  Fig.  81 1 ; but  the  indicator  is  left  out  of  the  figure.  The  name  is  derived 
from  the  fact  that  the  connections  are  made  by  means  of  plugs  resembling 
the  handle  of  a “jack-knife.”  The  wire,  indicated  by  “Line,”  connects  the 
subscriber  with  the  central  station.  The  key  which  moves  about  a, 
rests  upon  which  is  connected  with  the  earth  • and  the  subscriber  can  talk 
to  the  central  station  when  the  plug  is  pushed  in.  The  plug,  or  jack-knife, 
has  an  insulating  handle  s, 

with  a collar  r r,  through  Une. 

which  the  line-wire  / passes 
to  a metal  contact-point  b s. 

The  collar  of  the  plug  fits 
into  a metal  socket  m Jti,  and, 
when  pushed  in,  the  point 
raises  from  //g,  so  breaking 
contact  with  each,  and  making 
contact  for  the  subscriber. 

The  jack-knife  apparatus  is 
placed  at  the  central  office, 
with  the  indicators  of  all  the 
subscribers  arranged  in  a case, 
as  shown  in  Fig.  812.  The 
lower  portion  of  these  cases 
contains  shelves,- which  serve 
to  hold  the  batteries  b,  of 
Leclanche  elements.  The 
upper  part  of  the  case  gg 

is  divided  into  five  portions  by  the  iron  bars  n,  screwed  upon  the  wood  ; 
each  of  the  five  portions  is  divided  by  ten  partitions,  so  that  the  whole 
case  has  fifty  cells  or  pigeon-holes,  each  of  which  contains  an  electro-magnet. 
The  inside  of  these  partitions  is  shown  in  Fig.  813.  The  space  between 
two  adjacent  iron  bars  n is  occupied  by  the  iron  plates  p.  These  iron  plates 
ave  painted  on  them  the  consecutive  numbers,  commencing ' with  i to  the 
e t at  the  top  of  the  case,  and  finishing  with  50  to  the  right  at  the  bottom. 

ese  numbers  are,  however,  hidden  by  the  covers  k when  the  subscribers  are 
not  speaking,  but  the  covers  fall  down  against  the  pins  i when  the  central  station 
IS  communicated  with.  Underneath  each  series  of  covers,  holes  are  arranged 
which  are  covered  with  brass ; these  have  the  same  numbers  as  the  covers 
above  them,  as  shown  in  the  figure  (Fig.  813).  There  are  other  and  similar 
holes  also  arranged  along  the  sides  in  the  vertical  bars,  each  bar  having 
twenty-five.  The  even  numbers  are  on  one  side,  and  the  uneven  numbers  on 


Fig.  811. — The  Jack-Knife  Connection. 
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the  other.  We  shall  explain  the  reason  for  this  arrangement  further  on.  In- 
side the  cell  is  the  horizontal  base-plate  g,  fastened  to  the  lower  end  of 
plate  p : upon  this  base-plate  and  the  wooden . bar  v rests  the  electro- 
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Fig.  812. — Jack-Knife  Apparatus  of  Central  Station. 


magnet,  of  which  only  the  arm  e is  covered  with  wire,  whilst  the  core  Ej  is 
left  without  any  coils.  The  latter  carries  the  brass  piece  w,  to  which  the 
spring yj  with  the  armature  a of  the  electro-magnet,  is  fastened.  The  position 
of  the  armature  can  be  regulated  by  means  of  the  screw  R.  The  end  of  the 
armature  has  the  hook  h fastened  to  it,  which  projects  through  an  opening 
of  the  plate  p.  The  cover  k movable  about  c which  covers  the  number  on  the 
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plate  /,  has  fallen  down  and  rests  upon  the  pin  The  cover  has  also  an 
opening  through  which  the  hook  h passes,  and  thus  it  is  kept  closed  when  no 
current  flows  through  the.  coils  of  the  electro-magnet.  The  ends  of  the  latter 
terminate  in  the  insulated  brass  plate  in  ; one  end  is  connected  with  the  wire  of 
the  subscriber,  and.  the  other  with  the  earth.  Whenever  a current  passes  through 
the  coils  of  the  electro-magnet,  e attracts  its  armature  «,  and  lowers  the  hook  h. 
The  cover  k now  falls  upon  the  pin  /,  partly  by  its  own  weight  and  partly  by  the 
pressure  which  the  small  spring  b exercises,  and  allows  the  number  upon  the 
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Fig.  813. — Cells  of  the  Apparatus. 


plate  p to  be  seen ; upon  this  the  clerk  at  the  central  office  connects  his 
apparatus  with  that  of  the  subscriber.  We  may  here  mention  that  in  Germany 
subscribers  use  magneto-telephones  both  for  senders  and  receivers  ; microphones, 
by  Blake  or  Berliner,  are  only  used  at  the  central  stations. 

We  have  now  to  consider  the  arrangement  of  the  twenty-five  holes  in  the 
vertical  bars  at  both  sides  of  the  case.  If  the  plugs  were  placed  in  the  holes 
under  the  covers  of  the  subscribers  that  wish  to  correspond,  the  indicators  of 
both  would  be  inserted,  and  the  resistance  in  the  leads  uselessly  increased.  To 
prevent  this,  boxes  are  arranged  at  the  sides  of  the  case,  corresponding  to  those 
in  the  middle  of  the  frame,  but  differing  from  them  by  having  no  indicators 
behind  them,  but  only  jack-knives.  Hence  for  the  connection  of  any  two 
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subscribers  two  kinds  of  plugs  can  be  used,  viz.  one  by  means  of  which  the 
indicator  is  inserted,  and  another  which  involves  no  such  result ; one  of  the 
indicators  can,  therefore,  be  left  out  when  two  subscribers  are  connected. 
Suppose  A wishes  to  speak  with  B.  For  this  purpose  A presses  the  key  t of 
his  apparatus  in  Fig.  814,  causing  the  current  of  his  battery,  b,  to  take  the  follow- 
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Fig.  814. — Diagram  of  the  Telephone  System. 


ing  course  to  the  central  office  : through  the  wires  to  clamp  Aj,  which  is  fastened 
to  the  upper  edge  of  the  case  at  the  central  station ; two  ways  are  now  open 
to  it,  viz.  over  b.,  round  the  electro-magnet  e,  through  k,  to  the  contact  /,  and 
then  to  the  earth ; or  over  r,  through  the  spring  /,  and  the  metal  rim  of  the  bore 
m m ; but  as  the  metal  rim  is  insulated  in  the  wooden  bar  G,  and  the  current 
cannot  flow  any  further  when  the  plug  is  not  inserted,  the  current  therefore 
takes  the  first  direction,  that  is  over  e,  consequently  the  electro-magnet  attracts 
its  armature  h,  and  causes  the  cover  k to  fall  down,  and  to  expose  the  number 
of  the  subscriber  A,  who  wishes  to  speak.  The  person  at  the  central  office  now 
places  one  of  the  plugs  in  the  hole  in  in  under  k ("shown  by  dotted  lines  in  the 
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figure),  and  the  other  plug  in  the  hole  a,  as  in  Figs.  814  and  815.  The  latch 
k is  lifted  from  / and  brought  into  contact  with  the  pin  of  one  of  the  plugs, 
whilst  the  pin  of  the  plug  in  a lifts  the  latch  71  from  the  earth-wire  e,  and  thus 
joins  the  apparatus  of  the  subscriber  A with  the  apparatus  c of  the  central  station. 
The  clerk  can  now  communicate  with  the  subscriber  as  soon  as  the  receiver  h 
has  been  taken  from  the  lever.  When  a microphone  is  used  the  latter  has,  as 
already  mentioned,  to  close  two  contacts  i and  ii,  because  two  currents  are  pro- 
duced, the  one  primary  and  the  other  secondary.  For  this  purpose  both  con- 
tacts I and  II  are  arranged  underneath  the  lever,  and  a metal  spring  is  pressed 


Fig.  815. — Mode  of  Communicating  through  the  Central  Station. 


upon  contact  i by  turning  the  lever.  The  metal  spring  is  connected  with  the 
primary  wire  in  the  microphone  m,  by  means  of  the  pin  The  other  end  of 
the  primary  wire  is  connected  with  the  battery  b^.  When  the  lever  presses 
down  the  spring  at  x the  primary  current  of  the  battery  flows  from  over 
d into  the  primary  coil  of  m,  then  through  the  metal  spring  to  the  contact  i. 
and  so  through  back  to  the  battery.  The  secondary  currents  flow  from  the 
secondary  coil  over  2,  contact  ii,  the  lever  3 5 6 7 8 and  9,  to  u,  which 
IS  connected  with  the  apparatus  of  A.  The  connection  of  the  subscribers  A 
and  B at  the  central  station, -is  shown  in  Fig.  815.  and  b^  are  the  clamps  which 
join  their  leads.  If  two  insulated  plugs  s Sj,  of  a construction  like  that  shown  in 
Hg.  81 1,  had  been  taken,  the  electro-magnets  e of  both  subscribers  would 
_ ave  been  inserted.  To  avoid  this,  only  one  of  the  plugs  s is  of  the  ordinary 
insulated  construction,  while  Sj  is  surrounded  by  a metal  cylinder  at  the  collar 
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m m,  connected  with  the  point,  and  so  connecting  the  line-wire  with  the  shunt- 
contact  In  this  case  the  current  between  and  Bj  is  as  follows : From  Aj 
over  the  electro-magnet  e to  latch  and  then  through  the  contact-pin  of  plug  s 
to  plug  Sj.  No  current  can  pass  from  a^  through  the  dotted  leads  to  «,  because 
the  pin  of  plug  s is  only  in  contact  with  k.  From  two  w'ays  are  open  to  the 
current,  viz.  through  the  contact-pin  of  the  plug  over  latch  k^,  and  the  electro- 
magnet El  to  El ; and  secondly,  from  the  metal  fastening  of  this  plug  over  m n,  to 
Bi.  On  the  first  road  the  current  has  to  overcome  the  resistance  of  the  coils  of 
El,  on  the  second  road  hardly  any  resistance  is  to  be  overcome ; the  current, 
therefore,  takes  the  road  described  last,  the  consequence  being  that  the  electro- 
magnet El  is  taken  out  of  circuit  whilst  E remains  in  it.  When  A and  B have 
finished  their  conversation,  A again  sends  a signal  to  the  central  station.  The 
officer  at  the  central  station  takes  out  both  plugs,  and  establishes  the  conditions 
that  existed  at  first.  Instruments  like  those  described  are  constructed  by  various 
firms  of  electrical  engineers,  with  slight  modifications  in  details,  the  general 
principle  being  the  same  in  all. 

The  “ Leads  ” or  Connections  of  a Telephone  System.— In  order 
to  obtain  a complete  picture  of  the  fittings  and  mode  of  action  of  a central  station, 
we  shall  now  have  to  consider  the  leads  which  connect  the  several  stations  with 


the  central  stations.  It  is  of  the  utmost  importance  that  the  leads  should  be 
carefully  constructed  and  well  arranged,  as  the  system  will  not  otherwise  work  in 
a*  satisfactory  manner.  If  the  main  lines  are  badly  arranged,  the  difficulties  of 
connections  will  be  greatly  increased.  The  main  points  which  ought  to  be 
observed  when  drawing  up  a plan  are  as  follows  : The  lines  ought  to  run 
radially  from  the  central  station,  and  thus  facilitate  connection  with  the  various 
houses.  The  installation  ought  to  be  such  as  to  allow  of  a considerable  increase 
in  the  extent  of  the  system  on  all  sides ; for  this  purpose  main  lines  should  be 
constructed  with  treble  and  multiple  poles,  because  simple  poles  do  not  permit 
any  considerable  increase  of  their  weight.  The  crossing  of  wires  must  be 
carefully  avoided,  because  if  a wire  should  break  considerable  expense  and 
disturbance  would  be  caused  by  the  broken  wire  falling  across  others  passing 
longitudinally  beneath  them.  If  several  telephone  offices  are  erected  in  the 
same  town,  each  one  ought  to  have  its  own  district.  The  supports  for  leads 
which  are  overhead  ought  to  be  chosen,  placed,  and  constructed  with  quite  as 
much  care ; if  roofs  are  used  for  this  purpose  it  is  necessary  to  carefully  examine 
their  structure.  Most  people  have  a strong  objection  to  allow  their  roofs  to  be 
used  for  these  and  similar  purposes,  believing  that  by  doing  so  the  danger  o 
lightning  is  increased.  The  opinion  is  still  frequently  entertained  that  the 
office  of  a lightning  conductor  is  to  draw  down  the  lightning  and  convey  it  to 
the  earth,  and  that  the  iron  matter,  without  being  connected  to  the  earth,  wou 
become  dangerous.  This  idea,  of  course,  is  entirely  erroneous ; in  reality  the 
effect  of  a lightning  conductor  depends  upon  ^ the  point.  A positive  e ectn 
thunder -cloud,  for  instance,  generates  negatively  induced  electricity  m t 
building  over  which  it  may  pass.  If  the  potential  is  sufficiently  great,  discharge 
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01  the  two  electricities  takes  place  in  the  form  of  an  electric  spark,  and  thus 
produces  what  is  called  lightning.  If  the  building  has  a metal  point,  or  a 
lightning  conductor,  the  negatively  induced  electricity  will  flow  through  it  to 
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Fig.  817.— Supports  for  Telephone  Leads. 


wards  the  cloud  ; whilst  the  positive  electricity  will  flow  along  the  metal  down 
to  the  earth. 

The  Wires  and  their  Supports.— The  wires  generally  in  use  consist 
of  either  iron  or  phosphor-bronze.  The  posts  consist  either  of  iron  or  wood. 
The  former  are  composed  of  wrought-iron  tubes  of  from  2-5  to  3 inches 
in  outer  diameter,  and  o'2  of  an  inch  in  thickness;  arrangements  with  one 
and  two  tubular  posts  are  shown  in  Fig.  816.  The  mode  of  fastening  the 
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cross-bars  q q,  and  the  supports  s s for  the  insulators,  is  shown  in  Fig.  817.  The  ■ i 
ordinary  insulator  supports  are  usually  straight,  as  shown  at  ss.  Fig.  817;  but  : ' 
if  the  wire  branches  off  almost  at  right  angles,  U-shaped  supports  have  to  be  used,  j 
as  shown  in  Fig.  818;  moreover,  the  contact  of  the  wire  with  the  iron  posts  is  • ] 
more  easily  avoided  by  this  arrangement.  Wood-work  is  preferable  to  brick-work 


Fig.  818. — Support  for  Insulator. 


Fig.  819. — Top-tie  and  Side-tie  Insulators. 


for  the  fixing  of  iron  posts,  because  in  the  latter  the  humming  of  the  wires  is  far 
more  pronounced.  Care  ought  to  be  taken,  however,  that  everything  is  firmly 
and  securely  fixed.  The  wires  are  fastened  to  the  insulators  in  the  following 
way  ; At  each  post  is  placed  a man  with  a line,  and  the  men  at  the  first  and  last 
posts  have  light  wooden  drums,  on  which  the  wire  is  coiled.  Each  man  throws 
one  end  of  his  line  in  the  direction  in  which  the  leads  are  to  be  arranged ; every 
two  ends  are  then  connected  by  men  placed  in  the  right  position  for  this  purpose. 
This  is  continued  until  a continuous  line  is  produced.  The  wire  at  the  first  post 
is  now  fastened  to  the  line  and  drawn  over  all  the  different  posts.  When  the 
first  wire  has  been  fastened  to  the  last  pole,  a second  wire  is  fastened  to  the  line, 


The  Telephone. 


821 


and  drawn  by  the  second  line  to  the  first  post,  and  so  on.  The  fastening  of  the 
wire  to  the  insulators  is  shown  in  Fig.  819;  galvanised  iron  wire  of inch 
diameter  is  generally  used  for  the  purpose.  The  so-called  top-tie  is  used  for 
straight  lines ; side-tie  for  angular  lines.  The  humming  of  the  wires  is  often 
very  objectionable ; it  is  caused  either  by  the  vibrations  of  the  wires  through 
the  wind,  or  by  molecular  vibrations,  which  arise  through  change  of  tem- 
perature, or  perhaps,  as  Zacharias  thinks,  by  the  vibrations  of  the  insulators 
and  wires.  Different  means  have  been  adopted  to  prevent  the  conduction  of 
this  humming  to  the  instruments ; the  tubular  posts  sometimes,  for  instance, 
are  not  fastened  directly  to  the  ground  frame,  but  a layer  of  lead,  3 inches 
thick,  is  placed  between.  The  posts  themselves  are  filled  with  ashes,  sand,  or 


Fig.  S20.— Contrivance  to  Prevent  Humming.  Fig.  821.— Contrivance  to  Prevent  Induction. 

similar  substances,  and  are,  as  we  have  already  said,  fastened  to  wood-work  instead 
of  brick-work.  The  German  Post-office  Department  has  introduced  a manner  of 
fastening  the  wires,  which  is  shown  in  Fig.  820.  An  india-rubber  tube,  the  bore 
of  which  just  fits  the  wire,  is  slit  open  and  placed  round  that  portion  of  the 
wire  which  is  to  be  fastened  at  the  pole  \ a length  of  about  8 inches  is  generalljr 
taken ; the  india-rubber  tube,  which  faces  with  its  slit  to  the  insulator,  is 
wound  round  with  lead-tape,  and  the  whole  bound  to  the  post  with  ordinary 
wire.  According  to  Zacharias  the  humming  is  almost  entirely  avoided  by 
winding  double-covered  and  well-waxed  copper  or  lead  wire  round  the  portions 
which  touch  the  insulator.  A sure,  but  rather  expensive,  cure  is  to  have  a 
chain  fastened  to  the  ends  of  the  wire,  and  connected  w'ith  the  insulators  by 
means  of  india-rubber. 

Induction.  When  two  or  three  telephone  wires  run  parallel  to  one 
another,  great  disturbance  is  often  caused  by  induction,  so  that  a man  stationed 
at  the  end  of  one  line  can  hear  all  that  is  said  in  another.  A method  of 
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obviating  this  is  to  make  the  conducting  wires  cross  one  another  at  every  tenth 
or  twelfth  post,  as  is  shown  in  Fig.  821.  For  this  purpose  double  insulator  stages 
are  employed,  and  the  lines  are  made  to  end  at  the  insulators,  as  in  Fig  7 1 1. 
The  cross-wise  connection  is  then  established  by  insulated  wires  carried  round 
the  posts,  as  indicated  in  the  figure. 

It  is  difficult  to  decide  whether  separate  lightning-conductors  ought  to  be 
constructed  or  not;  house-owners,  over  whose  roofs  the  leads  run,  are  often 
anxious  that  lightning-conductors  should  be  erected ; although  probably  the 
wires  and  earth  connections  are  sufficient.  Every  fourth  post  is  generally  con- 
verted into  a conductor  by  connecting  it  by  means  of  a wire  rope  with  the  earth. 

The  posts  that  are  not  connected  with  the  earth  should  be 
connected  with  those  posts  that  are,  by  means  of  wires  ^th  inch 
thick;  and  any  metal  matter,  such  as  cisterns,  etc.,  that  hap- 
pens to  be  near  the  building,  ought  always  to  be  carefully  con- 
nected with  the  posts.  For  the  earth  connections  belonging  to 
the  lightning-conductors,  the  Prussian  engineering  committee 
suggests  that  each  lead  should  be  provided  with  a plate,  sunk 
under  the  lowest  water-level;  a well  can  be  used  for  this 
purpose  when  it  lies  outside  the  building.  When  no  water 
can  be  reached,  the  leads  should  branch  off  every  16  feet 
in  veins  10  feet  long ; earth-plates  are  not  necessary  when 
this  is  done.  Where  plates  are  necessary,  copper  plates 
inch  thick,  and  having  an  area  of  275  square  feet  in 
water,  and  an  area  of  5 '5  square  feet  in  damp  earth,  are 
generally  employed.  When  several  plates  are  required  for  the 
same  building  the  dimensions  may  be  smaller.  The  leads  to 
the  different  subscribers  branch  off  from  the  main  leads,  and 
are  conveyed  along  insulators,  which  are  fastened  to  the  brick- 
work of  the  building ; in  this  manner  the  leads  are  conveyed 
as  nearly  as  possible  to  the  room  where  the  apparatus  is  placed. 
A hole  is  made  in  the  wall  underneath  the  insulator  where  the  lead  ends,  through 
which  the  tube  and  cable,  which  connect  the  outer  leads  with  those  inside,  are 
passed. 

The  joints  of  branches  or  stations  are  protected  by  means  of  a gutta-percha 
cover,  shown  in  Fig.  822.  Galvanised  iron  wire  is  passed  through  the  top 
of  the  cover,  which  is  perfectly  watertight,  is  wound  round  the  leads  in  the 
manner  shown  in  the  figure,  and  then  soldered  ; the  end  reaching  inside 
terminates  in  a loop,  and  the  bright  copper  wire  of  the  cable  is  connected 
with  the  loop.  The  cover  has  to  stand  vertically,  and  must  not  touch 
the  cable  with  its  edges.  The  inside  lead  consists  of  copper  wire  0^04  inch 
thick,  which  is  covered  with  cotton,  and  then  soaked  in  wax.  The  earth 
lead  consists  of  copper  wire  of  o'o6  inch  diameter,  which  is  usually  soldered 
to  the  gas-  or  water-pipes ; where  this  is  not  possible  three  wires  of 
o'i6  inch  diameter  are  twisted  together,  and  this  cable  is  connected  with  the 


Fjg.  822. — Con- 
nection of  a 
Branch  with  the 
Main  Lead. 
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ground- water.  Fig.  823  shows  the  way  in  which  the  wires  are  collected  at  a 
central  station.  A wooden  tower  is  erected  on  the  roof  of  the  building,  and 
the  insulators  are  arranged  in  rows  along  the  outside.  The  tower  is  covered 
with  a projecting  sheet-metal  roof.  It  has  also  a door  and  a platform,  which 
is  railed  in.  Inside  the  tower  the  leads  are  conveyed  by  cables  composed 
of  four  tubes,  which  contain  the  wires,  and  which  are  fastened  to  the  walls  of  the 


tower.  The  cables  are  free  from  the  tubes  at  the  upper  ends,  so  that  the 
insulated  copper  wires  may  be  conveyed  through  the  w'ooden  walls  singly,  and 
then  be  connected  with  the  line -wires  on  the  insulators  outside  the  tower. 
A wooden  shaft  reaches  from  the  tower  to  the  central  station,  through  which 
the  wires  are  conveyed  to  the  different  cases. 

'Telephone  System  of  Paris, — Whilst  in  most  towns  the  leads 
used  are  overhead  wires,  those  in  Paris  are  almost  all  underground  cables. 
Paris  has  the  advantage  of  an  extensive  sewer  canal  system,  and  the  tele- 
phone company  was  allowed  to  convey  its  cables  through  the  different  canal 
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tunnels.  The  cables  are  fastened  by  means  of  iron  hooks  to  the  brick-work 
of  the  tunnel.  Each  cable  consists  of  seven  double  leads  (to  and  fro) ; that 
is,  of  fourteen  single  conducting  wires.  Each  lead  consists  of  copper  wires 
o‘02  inch  thick,  insulated  by  gutta-percha  from  other  wires.  A cable  formed 
in  this  manner  has  a diameter  of  o'oSy  inch,  inclusive  of  its  gutta-percha 
cover.  Each  wire  is  covered  with  cotton  of  a certain  colour,  so  that  the 
two  wires  (the  direct  and  the  return  wires)  of  one  subscriber  show  the  same 
colour.  Seven  of  such  double  wires  of  different  colours  have  tape  wound  round 
them,  and  are  then  drawn  through  the  tube.  A tube  cable,  containing  seven 
double  leads,  including  the  tube  and  covering,  has  a diameter  of  071  inch, 
whilst  a cable  with  only  one  double  lead  (for  the  connection  with  only  one 


Fig-  825.— The  Distribution  of  the  Leads  at  the  Central  Station,  Paris. 


subscriber)  is  0-32  inch  thick.  The  introduction  of  the  leads  into  the 
house  of  a subscriber  is  very  simple.  The  cable  containing  the  double  leads 
IS  introduced  through  the  basement,  and  is  then  conveyed  along  one  of  the 
walls  to  the  apparatus.  Fig.  824  represents  the  basement  of  the  central  station 
m the  Avenue  de  I’Op^ra,  where  the  cables  terminate.  The  door  seen  in  the 
drawing  leads  to  the  entrance  of  the  tunnel.  In  the  basement  are  arranged 
eight-sided  boxes  of  wood,  the  four  large  faces  of  which  each  contain  an  appa- 
ratus for  distributing  the  wires,  called,  from  its  appearance,  the  “rose  ” ; the  small 
aces  of  the  boxes  have  doors.  In  the  figure  one  of  these  doors  is  left  open 
to  make  the  ms.de  of  the  box  visible.  The  cables  are  introduced  into  these 
wooden  chambers,  opened,  and  separated.  The  several  double  wires  form 
large  circles  with  their  ends  on  the  outside  walls  of  the  chamber,  shown  in 
ig.  824,  or  in  detail  in  Fig.  S25.  By  referring  to  the  latter  we  find  that  every 
cable  arriving  at  the  inside  of  the  wooden  chamber  has  a number  (563  and  364) 
and  that  its  seven  double  wires  pass  through  the  side  at  h h.  From  Lre 
hat  IS  from  the  periphery  of  the  “rose,”  the  double  wires  run  radially  towards 
the  circular  opening  in  the  wall  of  the  wooden  chamber  ; they  are  then  again  united 
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to  form  cables,  and  are  conducted  in  a vertical  direction  to  the  commutator  at 
the  lower  part  of  the  central  office,  shown  in  the  Frontispiece  to  this  volume. 
The  round  discs  of  the  outer  circles.  Fig.  715,  consist  of  bone  or  ivory,  upon 
which  the  names  of  the  subscribers  are  written ; the  smaller  discs  bear  their 
numbers. 

For  very  great  distances  the  apparatus  and  arrangements  described  above 
are  insufficient ; but  even  when  magneto-electric  telephones  are  exclusively  used, 
conversation  can  take  place  at  a distance  of  from  25  to  28  miles,  assuming 
that  the  apparatus  is  in  proper  condition.  The  distance  may  be  considerably 
increased  by  combining  the  telephone  with  a microphone.  Experiments  made 
during  the  Munich  Exhibition,  in  1882,  with  Bell’s  telephones  and  Berliner’s 


Fig.  S26.— Herz’s  Microphone. 


and  Blake’s  microphones,  showed  that  communication  between  Munich  and 
ilegensberg  (a  distance  of  85  miles)  was  quite  possible.  Communication 
was  also  possible  between  Munich  and  Bayreuth  (a  distance  of  175  miles); 
communication  with  Dresden,  however  (280  miles  distant),  was  found  im- 
practicable. 

Herz’s  System. — Very  good  results  were  obtained  by  Cornelius  Herz,  who 
increased  the  effect  of  the  microphone  by  increasing  the  contacts,  and  putting 
them  in  a branch  circuit  of  a powerful  battery.  He  also  prevented  the  induction 
due  to  neighbouring  lines,  by  inserting  a condenser  in  the  telephone  line,  that 
is,  by  breaking  the  line  at  a certain  point.  Herz  gave  different  forms  to  his 
apparatus,  one  of  which  we  may  describe  here.  The  transmitter  consists  of  the 
plate  b b,  Fig.  826,  which  moves  about  the  axis  a a,  fastened  to  the  l^e- 
plate  M M.  The  plate  ^ ^ is  connected  with  the  membrane  ^ ^ by  means  of  the 
angular  piece  d,  so  that  the  vibrations  of  the  membrane  cause  the  plate  b b to 
swing  or  oscillate.  Four  pairs  of  carbon  discs  -iq  k.^  k.^  are  arranged  upon 
The  upper  four  discs  are  kept  in  contact  with  the  lower  ones  by  means  ot  leaden 
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weights  g g.  The  upper  discs  to  the  left  are  connected  on  one  side  with  the 
wires  of  the  battery,  and  on  the  other  with  the  upper  carbon  discs  to  the 
right,  whilst  the  lower  carbon  discs  are  connected  with  each  other  by  means  of 
cross-wires.  The  direction  of  current  in  the  transmitter— which  is  provided 
with  an  induction  coil,  and  connected  with  the  telephone  T and  the  condenser  c 
as  receiver— is  as  follows : From  the  battery  b the  current  reaches  the  upper 
carbon  plate  then  flows  through  the  primary  spiral  of  the  induction  coil  to 
the  lower  plate  /C’a,  and  then  back  through  the  upper  plate  to  the  battery. 


Fig.  827. — Herz’s  Telephone  Station. 


On  account  of  the  connection  of  the  plates  the  current  from  the  battery  flows 
also  into  the  upper  plate  then  into  the  upper  plate  at  /^o,  from  here  to  the 
lower  plates  of  and  and  through  the  upper  plate  k.^  back  again  to  the 
battery ; further,  a current  flows  from  the  battery  into  the  upper  plate  and 
then  to  the  lower  plates  kj^  and  -^j,  from  here  it  flows  to  the  upper  plates  and 
^3,  and  so  back  to  the  battery.  These  currents  are  converted  into  undulatory 
currents  when  the  membrane  c c is  spoken  against,  because  the  latter  com- 
municates its  vibrations  to  the  plate  d causing  alterations  in  the  carbon 
contacts  k^.  If  the  membrane  c c vibrates  downward,  b b with  its 

left  side  will  also  move  downward,  whilst  its  right  side  will  move  upward. 
On  account  of  the  great  rapidity  of  this  vibration,  we  may  assume  that  the 
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four  upper  carbon  plates,  with  their  weights  remain  stationary,  because  no  ' 
time  is  allowed  them  to  follow  the  motion  of  the  lower  plates.  The  motion  ; 
downwards  to  the  left  side  of  ^^will,  therefore,  diminish  the  pressure  of  the  . 
contact  in  and  ^4,  and  increase  the  pressure  of  the  contact  between  k-^  and  ; 
-^2.  The  result  of  this  will  be  that  current  impulses  of  opposite  directions  will  . 
be  produced,  which  immediately  follow  each  other.  These  impulses,  being  . 
opposite,  would  produce  neutral  effects  upon  the  secondary  spiral  of  the  induc- 
torium  if  their  directions  were  not  made  to  agree  by  the  cross-joining  of  the  : 
alternate  carbon  contacts.  When  this  is  done,  the  motion  of  the  membrane  : 
downward,  therefore,  produces  two  impulses  of  the  same  nature,  the  one  imme- 
diately succeeding  the  other,  and  an  increase  of  microphonic  effect  is  the  result. 
The  same,  only  in  reversed  order,  holds  good  for  the  motion  of  the  membrane 
upwards.  The  secondary  coil  is  connected  on  one  side  with  the  earth,  on 
the  other  side  with  the  line.  A magneto-electric  telephone  t may  be  used  for 
the  receiving  apparatus,  as  well  as  a condenser  c.  The  induced  currents  thus 
caused  by  neighbouring  lines  may  be  neutralised  partly  by  the  more  powerful 
effect  of  the  microphone,  and  partly  in  consequence  of  the  interruption  of  the 
telephone  line  by  a condenser. 

The  arrangement  of  a telephone  station  is  shown  in  Fig.  827,  but  the  induc- 
tion coil  is  left  out  in  the  figure,  as  it  is  only  inserted  when  comparatively  weak 
batteries  are  used.  Of  the  four  carbon  contacts  only  two  are  visible,  because 
the  other  two  are  covered.  Condensers  are  used  for  receivers,  in  wooden 
frames  of  the  shape  shown  in  the  figure. 

Herz  with  his  system  spoke  between  Orleans,  Blois,  Tours,  Poitiers,  Angou- 
leme,  and  Bordeaux — distances  of  from  185  to  284  miles.  During  the  night, 
when  the  neighbouring  wires  were  at  rest,  he  was  even  able  to  communicate 
between  Tours  and  Brest,  over  Paris,  a distance  of  683  miles. 

Connections. — It  is  of  great  advantage  to  connect  the  telephone  offices  of 
two  different  towns  so  that  each  subscriber  of  the  one  can  communicate  with  each 
subscriber  of  the  second.  In  this  case,  however,  few  wires  could  run  parallel  to 
each  other  for  long  distances  on  account  of  the  disturbances  which  would  be 
caused  by  induction.  By  using  double  lines  to  connect  the  telephone  offices  of 
the  different  towns,  induction  disturbances  might  be  avoided ; but  the  subscriber 
would  also  require  a double  lead  for  the  connection  of  his  apparatus  with  the 
office.-  This  is  not  impossible,  as  was  shown  in  the  Paris  installation,  but  it 
greatly  increases  the  cost  of  the  telephone  network.  Systems  have  therefore  been 
invented  which  connect  the  subscribers’  single  leads  to  the  double  leads,  and 
thus  connect  the  central  offices  of  different  towns.  Such  systems  have  been 
devised  by  Bennett,  Rystrbm,  and  Elsasser.  Rystrdm’s  arrangement  is  shown  in 
Fig.  828.  The  induction  coils  jj  jg  of  the  two  offices  to  be  connected  are 
joined  to  the  leads  in  the  following  manner:  One  end  of  the  primary  coil  Jj  is 
joined  to  the  earth  leads,  the  second  end  to  the  single  telephone  leads  of  the 
subscriber.  The  ends  of  the  secondary  coil  are  connected  with  the  line  leads 
I,  3,  and,  with  the  corresponding  coil  of  jn  at  the  second  telephone  office. 
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form  a completely  closed  circuit.  The  other  coil  of  jg  at  this  ofhce  is  again 
connected  on  the  one  side  with  the  single  telephone  leads  of  the  subscriber, 
and  on  the  other  with  the  earth.  The  undulatory  currents  generated  by 
speaking  in  the  telephone  at  the  station  / produce  induced  undulatory  cur- 
rents in  the  primary  of  the  induction  coil  of  this  station,  which  reach  the 
induction  coil  J3  of  the  distant  office  through  the  leads  i 3.  When  these  currents 
arrive  they  induce  undulatory  currents  of  a higher  order,  by  means  of  which  the 
words  are  reproduced  in  the  telephone  of  the  subscriber  at  the  station  II. 
Although  a double  change  of  the  undulatory  currents  takes  place  by  this 
arrangement,  experiments  made  with  leads  ii  miles  long,  between  Malmoe  and 
Lund,  gave  satisfactory  results. 

In  the  arrangement  devised  by  Elsasser,  shown  in  Fig.  829,  only  one  induc- 
tion coil  was  used,  together  with  a cable  of  four  wires,  connecting  Cologne  with 


ElherfelcL 


Colotjuv 


Fig.  S29. — Elsasser’s  Arrangement. 


Elberfeld.  The  telephone  apparatus  was  connected  on  the  one  side  with  the 
earth,  and  the  other  with  a cable  wire  i ; cable  wire  3 was  connected  at  Elber- 
feld with  the  earth.  At  Cologne  the  cable  wires  i and  3 were  united  by  the 
primary  coil  of  an  induction  coil.  The  secondary  coil  was  connected  on  the  one 
side  with  the  earth,  on  the  other  side  with  a telephone  apparatus  by  means  of  a 
single  lead.  This  arrangement  requires  only  a single  change  of  the  undulation 
currents  (namely,  in  the  induction  coil  at  Cologne).  The  arrangement  answered 
its  purpose  when  the  wires  i and  3 of  the  cable  were  used — i.e.  those  wires  that 
lie  diametrically  opposite  to  each  other.  When  adjacent  wires  were  taken  (i 
and  2,  for  instance)  no  satisfactory  results  were  obtained.  The  above  arrange- 
ments allow  communications  to  pass  between  the  two  stations,  but  signalling 
through  them  can  only  be  done  by  means  of  very  powerful  currents. 

Fig.  830  represents  a device  by  Elsasser,  by  means  of  which  signals  may  be 
sent  between  the  two  stations.  Besides  the  ordinary  apparatus  in  the  cover 
case  at  each  station,  an  induction  coil  j,  a relay  r,  and  a battery  b,  are  needed. 
The  double  leads  end  in  the  latches  k.^  k.^  ; the  contacts  and  belonging 

to  these  latches,  are  connected  with  the  induction  coils  j,  and  and 

with  the  relay  contacts  v v are  in  contact  with  the  earth.  When  at  rest,  the 
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jack-knife  plugs  Ui  and  of  and  a.,  are  in  the  holes  belonging  to  the  latches  >■ 
K,  and  K4  (shown  for  plug  Uo  in  the  figure).  If  the  subscriber  M of  the  office  . 
at  town  I wishes  to  speak  with  subscriber  N of  the  office  at  town  II,  he  at  first  : 
sends  a current  to  his  office  at  I,  which  flows  through  the  magnet  s m,  and  then 
through  the  latch  with  its  contact  to  earth,  because  plug  u,  is  not  as  yet  inserted 
The  armature  s m of  the  magnet  now  falls  down,  and  the  attendant  at  the  station 
I receives  the  signal  of  M.  M will  now  be  connected  with  the  commutator  : 
apparatus  and  the  double  line  i 2 by  the  insertion  of  the  plug  Uj  into  the  latch 
belonging  to  s vi.  The  office  at  II  is  now  informed  by  signal,  and  inserts  plugs  • 


in  the  latch  belonging  to  s « and  the  latch  K3.  The  current  now  sent  by  M 
flows  through  s m over  Ui  a^,  through  j,  into  the  relay  Rj,  and  then  to  earth. 
The  relay  closes  the  contact  i of  the  signalling  battery  Bj,  whose  current  now 
flows  partly  over  i,  the  line  2 2,  latch  k^,  through  the  spring  which  touches  con- 
tact V,  to  earth ; and  partly  from  Bj  over  q Kj,  through  the  line-leads  i i into 
the  latch  Kj,  over  s n,  to  subscriber  N,  whose  bell  it  causes  to  ring.  The  undu- 
latory  currents  which  are  generated  by  the  speaking  of  M take  the  following 
route : From  M over  s m,  q,  a-,,  through  the  primary  coil  of  Jj  to  the  electro- 
magnet Rj,  and  so,  by  means  of  the  relay,  to  earth.  The  induced  currents  gene- 
rated in  the  secondary  coil  of  Jj  pass  partly  over  the  lever  of  the  relay  to  c,  K* 
through  the  line  2 2,  and  v,  and  then  to  earth,  and  partly  over  q Kj,  through 
the  line  i i to  the  latch  K3,  and  the  electro-magnet  s n,  and  so  into  the  re- 
ceiving apparatus  of  subscriber  N,  and  reaching  the  earth  by  that  means.  The 
undulatory  currents  generated  by  the  speaking  of  N take  the  same  direction, 
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only  reversed.  Both  N and  M speak  through  the  medium  of  the  induction  coil 
jj  /but  signalling  can  only  be  effected  by  M,  by  the  help  of  the  more  powerful 
current  called  into  play  by  the  relay.  This  is  no  disadvantage,  however,  for  in 
German  telephone  offices  the  rule  holds  that  the  person  who  called  shall  also  give 
the  signal  when  the  conversation  is  finished.  If  N wishes  to  speak  with  M the 
conditions  are  reversed — i.e.  the  induction  coil  jg  only  is  used,  and  N alone  can 
give  the  signal. 

Long-Distance  Telephony. — In  the  last  few  years  much  attention  has 
been  given  to  the  subject  of  long-distance  telephony,  and  substantial  progress  has 
been  made.  To-day  most  important  towns  within  a distance  of  1,000  miles  of 
one  another  are  telephonically  connected.  Thus,  there  are  trunk  wires  from 
London  to  many  of  the  large  English  towns ; also  telephone  communication  has 
been  established  between  Paris  and  Brussels,  Dunkirk  and  Marseilles,  Moscow 
and  St.  Petersburg,  New  York  and  Chicago,  and  many  other  places  too  numerous 
to  refer  to.  Not  only  has  communication  been  successfully  made  between  towns 
that  can  be  connected  entirely  by  land-lines,  but  also  the  problem  has  been 
successfully  solved  where  some  part  of  the  conductors  has  to  be  carried  in  a 
submarine  cable,  where  the  retarding  effects  of  static  capacity  are  more  felt 
than  in  aerial  lines.  Notwithstanding  the  necessity  of  using  a cable,  London 
and  Paris,  and  still  more  recently  London  and  Marseilles  (900  miles),  as  well  as 
Glasgow  and  Belfast,  have  been  placed  in  telephonic  communication.  It  is 
intended  eventually  to  connect  London  with  Belfast,  Dublin,  and  Cork,  through 
the  cable  that  has  been  laid  for  the  Glasgow-Belfast  line ; but  the  necessary  land- 
lines are  not  yet  completed. 

The  following  are  a few  of  the  particulars  of  the  London-Paris  line,  which  was 
the  first  in  which  a long  length  of  submarine  cable  was  used  for  telephonic 
work.  The  cable  is  laid  between  St.  Margaret’s  Bay,  on  the  south  coast  of  Kent 
and  Sangatte,  on  the  opposite  coast  of  France.  The  total  distance  between  the 
stations  at  the  two  ends  is  over  3 1 1 miles,  made  up  as  follows  : 

London  to  St.  Margaret’s  Bay  84-^  miles. 

St.  Margaret’s  Bay  to  Sangatte  (cable)  ...  23 

Sangatte  to  Paris  ...  ...  ...  ...  jgg 

Paris  (underground)  ...  ...  ...  ...  ^.g 


31 1 ’3  miles. 


Thus  each  single  conductor  is  for  23  miles  submarine,  4-8  miles  underground, 
and  for  283-5  miles  is  carried  on  ordinary  telegraph  poles.  There  are  four  such 
conductors,  forming  two  complete  circuits,  for  in  long-distance  telephony  it  is 
found  absolutely  necessary  to  use  a metallic  return.  The  aerial  lines  have  been 
specially  erected,  the  existing  posts  not  being  used  for  this  purpose.  On  both 
sides  of  the  Channel  the  lines  are  twisted  from  pole  to  pole  in  a way  that  will  be 
presently  explained.  On  the  English  side  the  four  conductors  make  a complete 
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twist  in  every  four  spans,  but  on  the  French  side  the  twist  is  only  completed  in  ' 
six  spans,  which  gives  a want  of  symmetry  that  has  caused  some  trouble  in  the 
working.  The  conductors  are  of  copper,  weighing  on  the  English  side  400  lbs. 
and  having  a resistance  of  2-25  ohms  per  mile. 

The  success  of  the  experiment  depended  very  largely  upon  the  electrical 
properties  of  the  submarine  cable,  which  was  specially  constructed  to  the 
designs  of  Mr.  W.  H.  Preece  and  Mr.  H.  R.  Kempe,  of  the  English  Post  Office. 
We  give  in  Fig.  831  a full-size  section  of  the  Irish  cable,  laid  between  Port 
Kail  in  Scotland  and  Donaghadee  in  Ireland,  which  only  differs  from  the  Anglo- 
French  cable  in  being  nearly  three  miles  longer,  and  in  one  other  minor  respect, 
to  which  we  shall  refer  presently.  Both  cables  contain  four  conductors,  each 
consisting  of  seven  strands  of  copper  wire  weighing  160  lbs.,  and  having  a 


Fig.  831. — Full  -size  Section  of  the  Irish  Telephone  Cable. 

resistance  of  7 '5  ohms  per  nautical  mile  or  knot  of  2,029  yards.  The  stranded 
conductor  has  a diameter  of  about  0^095  inch,  and  is  covered  with  three  coatings 
of  gutta-percha  to  a diameter  of  0^380  inch,  the  gutta-percha  used  weighing 
300  lbs.  per  knot.  The  electrostatic  capacity  is  o’3045  microfarad  per  knot. 
The  four  gutta-percha-covered  cables  are  laid  together  and  twisted  round 
one  another  in  long  spirals  like  the  land-lines,  so  as  to  minimise  the  effects  of 
induction.  Also  as  the  cable  contains  two  circuits,  the  wires  diametrically 
opposite  one  another  are  used  for  one  circuit,  in  order  to  avoid  “ cross-talk  ” 
between  the  circuits.  The  spirally-twisted  cores  are  then  covered  with  a serving 
of  tarred  hemp,  upon  which,  as  a kind  of  cushion,  is  wound  a spiral  sheathing  of 
sixteen  galvanised- iron  wires,  each  having  a diameter  of  o'28  inch  and  a 
minimum  breaking  strain  of  3,500  lbs.  Outside  this  sheathing  again  is  a 
protecting  coating  of  mineral  pitch  and  sand. 

The  one  respect  in  which  the  Irish  differs  from  the  Anglo-French  cable  is  in 
the  wrapping  of  a thin  sheathing  of  brass  tape  round  the  four  gutta-percha- 


The  Telephone. 


833 


covered  cables,  as  shown  by  the  white  circular  line  in  the  figure.  This  is  to 
protect  the  cable  from  the  ravages  of  the  teredo,  a submarine  insect  with  a great 
predilection  for  guttapercha.  Formerly  this  insect  was  only  found  iri  tropical 
waters,  and  gave  much  trouble  in  the  early  days  of  cable-laying.  Finding  its 
favourite  food  plentiful  it  has  now  made  its  appearance  in  more  temperate, 
regions,  and  must  be  guarded  against.  Fortunately,  a thin  sheadiing  of  brass  is 
found  to  be  an  effective  protection. 

The  line  erected  between  London  and  Paris  has  a total  resistance  of  693 
ohms  and  an  electrostatic  capacity  of  10  62  microfarads,  of  which  more  than  half 
is  contributed  by  the  cable ; the  articulation  is  clear  and  distinct.  Many 
forms  of  transmitters  and  receivers  have  been  tried,  with  the  result  that  rnicro- 
phone  transmitters  and  magneto  receivers  have  given  by  far  the  best  results.  In 
particular,  the  Runnings  transmitter  with  the  double-pole  Bell  receiver  has  been 
found  to  be  specially  good,  and  conversation  has  been  carried  on  vict,  Paris 
between  two  rooms  of  the  General  Post  Office  in  London,  the  double  circuit 
being  thus  over  600  miles  long,  and  including  46  miles  of  submarine  cable. 

The  double-pole  Bell  receiver  here  referred  to  may  be  regarded  as  a modifica- 
tion of  the  Siemens’  telephone  depicted  in  Fig.  770.  This  form  of  instrument 
has  been  improved  by  many  workers,  and  especially  by  the  Swiss  Telephone 
Administration,  which  has  brought  it  to  a high  state  of  perfection.  In  these 
more  recent  forms,  in  which  the  whistle  p is  discarded,  great  care  is  bestowed 
upon  the  selection  of  the  steel  for,  and  the  design  of,  the  permanent  magnet, 
which  is  usually  laminated.  The  pole-pieces  on  which  the  coils  are  wound  are 
of  soft  iron,  and  are  brought  very  near  to  the  vibrating  disc,  the  chief  aim  being 
to  obtain  as  good  and  sensitive  a magnetic  circuit  as  possible.  The  result  is 
the  production  of  an  excellent  instrument. 

It  is,  however,  a moot  point  whether  the  increase  of  sensitiveness  and  loud- 
ness of  articulation  is  not  too  dearly  bought  in  the  increased  complication  and 
cost  of  manufacture  of  these  double-pole  instruments  as  compared  with  the 
original  Bell  telephone  of  Fig.  767,  or  with  its  more  modern  forms  in  which 
a straight  bar  magnet  is  still  used.  In  the  United  States  the  single-pole  Bell 
receiver  is  more  widely  used  than  any  other,  and  it  is  claimed  for  it  that,  since  it 
is  sufficiently  good  for  most  ordinary  work,  it  is  not  wise  to  increase  the  cost 
of  working  by  providing  an  instrument  that  is  better  than  is  necessary. 

In  the  foregoing  description  we  have  made  reference  to  the  twisting  of  the 
air-lines  round  one  another  in  order  to  minimise  the  effects  of  induction  from 
neighbouring  currents.  In  the  early  days  of  telephony,  when,  following  the 
example  of  telegraphy,  earth  returns  were  universally  employed,  these  disturbances 
were  very  serious.  It  is  obvious  that  any  varying  electric  current  in  the  neigh- 
bourhood of  a telephone  wire  must  by  its  changing  magnetic  action  induce 
k.m.f.’s  in  the  wire.  Thus  when  a telephone  was  first  attached  to  one  of  the 
telegraph  circuits  in  London,  the  rattling  of  all  the  Morse  instruments  in  the  city 
—transmitted  by  induction  from  the  neighbouring  circuits— drowned  any  vocal 
effort.  Also  with  earth  returns,  earth  currents  may  get  on  the  line  and  cause 
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trouble.  Both  electrostatic  and  electro-magnetic  induction  make  themselves  ■ 
felt.  The  telephone  wire  can  be  perfectly  screened  from  the  former  by  , 
surrounding  it  with  an  earth-connected  sheath,  whilst  the  effects  of  the  latter  can 
be  reduced  by  making  this  sheath  of  iron,  and  can  be  quite  removed  by  having  ; 
the  iron  thick  and  soft  enough. 

But  by  far  the  most  important  method  of  minimising  induction  effects,  both  : 
electrostatic  and  electro -magnetic,  is  to  use  a complete  metallic  circuit ; and  if  in  : 
addition  the  two  wires  are  close  together,  so  that  they  are  practically  at  the  same  : 
distance  from  the  disturbing  currents,  the  cure  is  complete.  That  this  is  so  will 
appear  when  we  consider  that,  as  regards  electro-magnetic  induction,  the  e.m.f.’s  i 
set  up  in  the  going  and  the  return  wire  by  a neighbouring  current  will  be  in  the 
same  direction  in  space,  and  therefore  oppositely  directed  in  the  complete  circuit, 
as  shown  in  Fig.  832,  where  the  arrows  i and  2 indicate  the  direction  of  the 
induced  e.m.f.’s  in  the  two  wires.  If  in  addition  these  two  e.m.f.’s  are  equal, 
they  will  completely  neutralise  one  another  in  the  circuit. 

Notwithstanding  that  the  solution  is  so  simple,  many  telephone  systems,  to 
save  the  expense  of  double  wires,  still  use  earth  returns  j but  with  the  spread  of 
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Fig.  832. — Neutralisation  of  Induction. 

electric  traction  and  the  consequent  leakage  of  large  currents  to  earth,  such 
systems  are  rapidly  becoming  useless.  A great  outcry  is  therefore  being  raised, 
in  iriterested  quarters,  against  the  electric  traction  engineers,  and  the  question  of 
“ Electric  Traction  versus  Defective  Telephone  Systems  ” is  at  the  present  time 
a somewhat  burning  one. 

To  return  to  the  methods  for  neutralising  induction,  it  will  be  obvious  that 
for  the  two  km.f.’s  above  mentioned  to  be  equal  to  one  another,  the  two  wires 
must  be  at  the  same  mean  distance  from  the  disturbing  cause.  If  the  distance 
is  not  very  great— as,  for  instance,  in  the  case  of  wires  on  the  same  poles  or  in 
the  same  cable — the  conditions  can  only  be  satisfied  by  twisting  the  two  wires 
round  one  another.  This  can  easily  be  managed  where  the  wires  are  laid  in  a 
cable.  Methods  of  doing  it  for  aerial  lines  are  shown  in  Figs.  833  and  834.  In 
the  former  a single  pair  of  wires  is  shown,  and  the  insulators  are  attached  to  the 
ends  of  long  or  short  arms  on  the  poles,  the  short  arm,  for  instance,  bemg 
alternately  the  upper  and  the  lower.  In  each  span  each  wire  crosses  over  either 
horizontally  from  inside  to  outside  (the  other  crossing  in  the  opposite  direction), 
or  it  crosses  vertically  from  upper  to  lower  arm.  In  this  way  the  wires  are  com- 
pletely twisted  lound  one  another  in  four  spans.  In  Fig.  834  four  wires  are 
shown  twisting  round  one  another,  the  same  general  plan  being  lollowed.  Thus 
tracing  the  wire  represented  by  the  dotted  line  starting  from  the  inside  insulator 
on  the  lower  arm  of  the  right-hand  post,  the  course  working  to  the  left  is  as 
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follows  : First  span,  lower  inside  to  lower  outside  insulator  ; second  span,  lower 

outside  to  upper  outside ; third  span,  upper  outside  to  upper  inside  ^ fourth  span, 
upper  inside  to  lower  inside  insulator,  bringing  us  back  to  the  starting  position. 

The  spiral  traced  is  a right-handed  one. 

Another  method  of  changing  the  places  of  the  wires  has  been  already 
illustrated  in  Fig.  S21.  It  may  be  distinguished  as  the  “cut  and  cross-over  ” 
method,  and  is  effectual  for  fairly  long  lines  where  the  results  show  that  it 
is  only  necessary  to  cut  and  cross  the  wires  at  the  end  of  every  ten  or  twelve 
spans.  Practical  men  are  still  divided  in  opinion  as  to  which  method  is  the 


better,  but  the  latter  has  certainly  the  advantage  of  being  much  simpler,  and 
easier  to  erect,  although  theoretically  not  so  good  as  the  other. 

In  connection  with  long-distance  telephony,  besides  the  neutralisation  of 
induction,  another  point  is  of  great  importance — namely,  low  electrostatic  capacity. 
The  telephonic  currents  are  rapidly  fluctuating  ones,  and  before  any  current  can 
be  fully  established  in  a conductor,  that  conductor  has  to  be  electrostatically 
charged  to  the  required  potential.  The  quantity  of  electricity  necessary  to  so 
charge  the  line  depends  upon,  and  is  directly  proportional  to,  the  electrostatic 
capacity  of  the  line.  Now,  this  charging  of  the  line  takes  time,  and  the  effect  of 
high  electrostatic  capacity  is  to  retard  the  speed  at  which  rapid  changes  can  be 
made.  Incidentally  we  may  remark  that  the  effects  of  electrostatic  capacity  have 
been  found  to  seriously  influence  the  speed  at  which  commercial,  signalling  can 
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be  accomplished  through  long  cables.  The  capacity  of  a cable  is  very  much 
greater  than  that  of  a land  line.  Thus  in  the  London-Paris  telephone  line 
described  above,  ot  the  total  capacity  of  io’62  microfarads,  5-95  are  contributed 
by  the  cable  and  the  underground  lines  in  Paris.  It  is  this  that  makes  a short 
length  of  cable  very  much  more  important  in  long-distance  telephony  than  a 
much  longer  length  of  aerial  line. 

Any  method  of  constructing  telephone  cables  for  underground  lines  which 
reduces  the  electrostatic  capacity  is,  therefore,  important.  A method  recently 
developed  is  illustrated  in  Fig.  835,  the  chief  characteristic  being  that  air  and 
paper,  which  have  both  a low  specific  inductive  capacity,  are  used  for  the 


Fig.  835. — Method  of  constructing  Low  Capacity  Telephone  Cable. 

dielectrics.  The  two  copper  wires  forming  the  two  sides  of  a complete  metallic 
circuit  are  separated  from  one  another  by  a spirally-twisted  barrier  of  paper  s s. 
This  is  then  overwound  with  strips  of  paper,  either  impregnated  with  some 
insulating  material  or  quite  unimpregnated.  As  shown  in  the  lower  part  of  the 
figure,  the  inner  twisted  barrier  s'  s'  can  be  so  made  that  it  will  separate  four  con- 
ductors from  one  another,  so  as  to  provide  two  complete  circuits.  A number  of 
these  compound  conductors  are  stranded  together  to  form  a cable  containing  the 
required  number  of  wires;  the  cable  is  sheathed  with  lead,  and,  if  necessary,  can 
have  other  protective  covering  served  on.  The  cross  section  of  two  such  cables 
is  shown  in  Figs.  836  and  837.  Fig.  836  represents  a cable  containing  54 
conductors  in  pairs,  and  therefore  able  to  provide  the  line  wires  for  2 7 complete 
metallic  circuits,  each  circuit  having  the  conductors  twisted  spirally  round  one 
another.  Fig.  837  represents  a cable  containing  76  wires  arranged  in  “fours,” 
and  supplying  conductors  for  38  circuits.  The  electrostatic  capacity  of  any  of 
these  circuits  is  from  o‘o8  to  o-io  microfarad  per  mile,  or  about  one-third  of 
that  of  the  London-Paris  cable.  The  insulation  resistance  is  also  said  to  be 
very  high. 

Precautions  necessary  to  prevent  Induction  when  the  same 
Line  is  used  for  Telegraphy  and  Telephony. — According  to  Zetsche 
{Elektrotechnische  Zdtschrift,  vol.  iii.  p.  244)  telegraph  lines  were  used  for  tele- 
phonic messages  for  the  first  time  in  Dresden  in  1877,  when  a line  belonging 
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to  Government  was  used  both  with  a Morse  apparatus  and  a telephone 
apparatus,  and  the  experiments  clearly  proved  that  it  was  possible  to  use 
telegraph  lines  for  the  double  purpose.  Franz  von  Rysselberghe  devised  a 
method  of  using  the  same  wire  with  a telegraph  apparatus  and  a telephone 
apparatus,  based  on  the  application  of  so-called  “graduated  currents.”  The 
separation  of  the  telegraph  apparatus  from  the 
telephone  apparatus  is  brought  about  by  the  in- 
sertion of  condensers.  We  have  already  seen 
that  the  latter  are  capable  of  propagating  tele- 
phonic impulses  ; while,  at  the  same  time,  they 
interrupt  the  circuit  of  battery  currents  or  direct 
currents— /.I?,  the  currents  used  for  telegraphing. 

When  telegraphing  in  the  usual  manner  inter- 
mittent currents  circulate  in  the  circuit,  the 
currents  being  made  or  broken  suddenly.  These 
momentary  makings  and  breakings  of  the  current  pjg_  326. — Section  of  Telephone 
cause  powerful  induction  effects  in  the  neighbour-  Cable  for  27  Circuits, 
ing  wires,  so  that  telephonic  intercourse  becomes 

impossible.  The  disturbing  induction  effects  disappear  when  the  make  and 
break  of  the  current  are  gradual,  and  not  sudden.  The  current  is  caused  to 
increase  gradually  when  it  is  made,  and  diminish  gradually  when  broken,  so 

that  by  lengthening  their  duration  the  induced 
currents  are  weakened  to  such  an  extent  that  they 
do  not  interfere  with  telephonic  correspondence. 
Much  more  time,  however,  would  be  required 
for  sending  telegraphic  messages  by  means  of 
graduated  currents,  and  this  is  the  great  disadvan- 
tage of  the  system.  Rysselberghe  converts  ordinary 
currents  into  graduated  currents  in  a variety  of 
ways,  either  by  inserting  electro-magnets  or  con- 
densers, or  by  u.sing  peculiarly  constructed  keys. 
If  a battery  current  has  to  pass  through  the  coils 
Fig.  837. — Section  of  Telephone  electro-magnet  before  it  sets  the  telegraph 

for  38  Circuits.  apparatus  in  motion,'  it  can  only  attain  its  full 

power  gradually,  because  a back  e.  m.  f.  is  set  up 
by  the  increasing  magnetisation  of  the  iron  core,  and  it  is  only  when  the  latter 
is  fully  magnetised  that  the  current  will  attain  its  full  strength  ; conversely,  on 
breaking  the  current  it  cannot  disappear  suddenly,  because  the  decreasing 
magnetisation  sets  up  a direct  e.  m.  f.  in  the  circuit.  A condenser,  too, 
cannot  attain  its  full  charge  or  lose  it  immediately,  when  the  current  is 
made  or  broken.  The  key  for  the  purpose  of  altering  the  current  gradually 
has  a carbon  instead  of  a metal  contact.  The  gradual  change  from 
strong  pressure  to  total  break  causes  a gradual  decrease  of  the  current,  just 
as  it  does  in  the  microphone.  The  practical  utilisation  of  these  principles  is 
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shown  in  Fig.  838.  a is  the  telegraph  office,  b the  telephone  office,  M represents  ■ 
the  key,  R a telegraph  apparatus  of  any  construction,  p the  battery,  Ej  and  e, 
electro-magnets.  The  former  is  inserted  between  p and  m,  the  latter  between  m i 
and  the  line  l.  c represents  a condenser  put  in  a branch  circuit  between  the  ■ 
key  M and  the  earth  e,  in  order  to  connect  the  two  electro-magnets,  and  c' 
represents  a condenser  that  is  connected  on  the  one  side  with  the  telephone 


To  Telegraph  office-^. r 

Fig.  839. — Rysselberghe’s  System. 

station,  on  the  other  side  with  the  telegraph  line.  The  telegraph  current  coming 
or  passing  through  the  line  l cannot  reach  the  telephone  t,  because  the  line  is 
separated  from  the  leads  of  the  telephone  station  by  the  condenser  c' : more- 
over the  currents  of  the  battery  p,  which  are  used  for  telegraphic  messages,  are 
converted  into  graduated  currents  by  means  of  the  magnets  Ej  and  E.-,.  The 
condenser,  as  already  pointed  out,  offers  no  obstacle  to  the  passing  of  the 
telephone  currents  through  l. 

The  connection  of  two  telegraph  lines  Lj  and  Lj  to  form  one  closed  tele- 
phone line,  as  arranged  by  Rysselberghe,  is  shown  in  Fig.  839.  c,  and  Ca  are 
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condensers;  Ui  B3  represent  differential  coils,  which,  by  induction,  affect  the 
third  coil  B3 ; one  end  of  each  of  these  coils  is  connected  with  the  earth,  whilst 
the  remaining  end  of  b,  is  connected  with  the  telegraph  line  l,,  and  the 
remaining  end  of  b^  is  connected  with  the  telegraph  line  and  that  of  B., 
with  the  telephone  line  L3.  The  connection  between  l,  and  Lj  is  broken  for  tele- 
graph currents  by  inserting  the  condensers.  The  condensers,  however,  do  not 
hinder  the  propagation  of  telephonic  impulses.  It  will  further  be  seen  that 
the  impulses  passing  through  the  coil  B3  must  have  opposite  induction  effects  on 
the  coils  and  b,.  They  have  the  relation  of  + and  - as  regards  each  other, 
and  consequently  with  Lj  Lj  they  represent  a closed  telephonic  line. 


Fig.  840. — .Oder’s  Music  Tr.insmitters. 


Experiments  were  first  made  with  this  system  in  Brussels,  in  January,  1882 ; 
and  owing  to  the  favourable  results  which  Rysselberghe  obtained  with  it,  it  was 
intended  to  utilise  the  whole  of  the  telegraphic  network  of  Belgium  (18,085 
miles  of  telegraph  wures)  for  telephonic  correspondence. 


TELEPHONIC  TRANSMISSION  OF  MUSIC. 

The  first  public  experiments  were  made  at  the  Technical  College,  Vienna,  by 
F.  Nissl,  and  the  author  of  the  present  work,  in  1877.  Bell’s  telephones  were 
then  used  both  as  senders  and  receivers,  but  after  the  microphone  had  been 
perfected  it  was  possible  to  operate  on  a much  larger  scale.  During  the  Exhibi- 
tion of  Paris  in  1881,  the  operas  and  the  music  of  the  Theatre  Frangais  could 
be  heard  through  the  telephone  in  rooms  which  were  specially  adapted  for  the 
purpose,  the  installation  being  undertaken  by  Aden  The  microphones  were 
placed  on  both  sides  of  the  prompter’s  box  in  two  series,  as  shown  in  Fig.  840. 
When  arranging  microphones  for  purposes  like  this,  great  care  has  to  be 
taken  (i)  that  the  music  of  the  orchestra  and  of  the  singing  are  equally  well 
transmitted,  so  that  neither  the  one  nor  the  other  is  too  loud ; (2)  that  th.e 
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different  positions  of  the  singers  do  not  interfere  with  the  effect ; and  (3)  that 
the  microphone  does  not  transmit  noises  caused  by  the  walking  of  different  • 
people  on  the  stage,  etc.  The  shapes  and  positions  which  Ader  gave  to  the  ■ 
mouthpieces  of  the  microphones  secured  the  equal  reception  of  the  instrumental 
music  and.  the  singing.  To  exclude  noises  the  microphones  were  placed  upon  i 
thick  layers  of  lead,  upon  which  pieces  of  gutta-percha  had  been  fixed.  The  ; 
connection  of  microphone  and  telephone  had  moreover  to  be  arranged  so  that  1 
the  singers  could  be  heard  independently  of  their  position  on  the  stage. 


The  whole  Arrangement  is  shown  in  Fig.  841.  According  to  Th.  du  Moncel, 
M M indicate  the  microphones  arranged  at  both  sides  of  the  prompter’s  box  s ; p/ 
and  y' p'  are  batteries  ; c c'  commutators,  and  j j'  induction  coils.  The  leads  were 
conveyed  from  the  opera-house  through  the  cables  k k'  to  the  rooms  in  the  Exhi- 
bition building  (Palais  de  I’lndustrie)  where  the  receiving  telephones  were  placed. 
cc'  are  commutators  to  connect  one  room,  while  the  public  were  leaving  the  other 
and  making  room  for  a new  batch  of  listeners.  For  the  sake  of  distinctness,  the 
whole  direction  of  current  is  drawn  for  two  microphones  only.  To  each  micro- 
phone belong  three  batteries  (of  which  two  only  are  drawn)  and  one  induction 
coil  The  batteries  consisted  of  Leclanche’s  cells,  winch,  as  we  know,  do  not 
remain  constant  very  long ; the  cells  had,  therefore,  to  be  charged  frequently, 
which  was  effected  by  the  arrangement  of  three  batteries  and  a commutator 
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belonging  to  each  set.  The  direction  of  the  current  for  the  microphone  n is  as 
follows  : °From  p over  b through  the  commutator  c,  to  d e f through  the  micro- 
phone n,  over  g h through  the  primary  of  the  induction  coil  j'  and  over  / 
back  to  the  battery  p.  If  the  e.m.f.  of  p falls  too  low,  p'  takes  its  place, 
and  the  direction  of  the  current  is — from  p'  through  the  commutator  c,  then 
over  d efng  h]'  I to  x and  back  to  p'.  The  battery  p or  p'  furnishes  the 
current  for  the  microphone  ///,  in  the  circuit  of  which  the  induction  coil  j is 
inserted.  The  arrangement,  as  described  above,  allows  a uniform  reception  of 
the  waves  of  sound  by  the  microphones,  independent  of  the  duration  of  the 
performance  and  the  position  of  the  singers.  The  reproduction  of  these 


waves  in  the  different  telephones  of  the  listeners  is  brought  about  by  the  pecu- 
liar mode  in  which  the  telephones  are  joined  with  the  secondary  coils  of  the 
induction  coils.  The  ends  of  each  secondary  coil,  as  for  instance  of  j',  are  con- 
nected with  the  corresponding  cable  k',  which  leads  from  the  opera-house  to  the 
listeners’-room.  One  of  the  ends  of  the  induction  coil  is  connected  with  the 
commutator  c as  well  as  with  c,  and  the  other  end  is  simply  joined  to  the  leads 
leading  to  the  telephone.  If,  for  instance,  connection  of  the  cable  is  made  with 
room  2 by  means  of  the  commutator  c’,  the  undulatory  induced  currents  from 
the  coil  j'  reach  the  series  of  telephones  indicated  by  ii,  and  pass  through  their 
circuit  in  the  direction  indicated  by  the  arrows.  The  currents  from  the  coil  j 
reach  the  telephone  line  i,  and  pass  through  it  in  the  direction  of  the  doubly- 
barbed  arrows.  As  j'  is  affected  by  the  undulatory  currents  of  the  microphone 
«,  and  J by  those  of  the  microphone  m,  if  each  listener  receive  a telephone  of 
row  I,  and  also  one  of  row  11,  he  will  be  able  to  hear  equally  well  whether  the 
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singer  is  to  the  right  or  to  the  left  of  the  prompter’s  box,  or  if  opposite  to 
it.  All  the  microphones  being  connected  in  this  manner  with  the  telephone 
couples,  this  holds  good  for  each  listener. 

Fig.  842  shows  the  connection  of  the  Royal  Opera  with  the  Rotunda  of  the 
Exhibition  building  during  the  Exhibition  of  Vienna,  1883.  This  telephonic  trans- 
mission of  music  was  undertaken  by  the  Private  Telegraph  Company  after  the 
plans  of  their  engineer,  A.  Kittel.  m m represent  the  microphones,  b b their 
batteries,  j j the  induction  coils,  h r o the  telephones.  The  twelve  microphones 
placed  at  the  opera-house  were  divided  in  two  groups,  each  group  consisting  of 
six,  or  of  three  couples  of  microphones,  joined  parallel,  so  that  each  couple  con- 
sisted of  a microphone  placed  at  the  right  side  of  the  stage  and  a microphone 
placed  at  the  left  side.  Only  eight  microphones  are  drawn  in  the  figure,  forming 
two  groups  of  two  couples.  To  maintain  the  current  for  the  microphones  and 
the  induction  coils  constant,  commutators  s s are  inserted  into  the  primary  cir- 
cuit, so  as  to  allow  of  the  insertion  of  a fresh  battery  in  the  place  of  the  exhausted 
battery. 

The  leads  from  the  Rotunda  terminated  at  the  oifice  where  the  control 
telephone  c and  the  apparatus  for  the  office  correspondence  Avere  placed.  Each 
of  the  cells  o o contained  sixteen  telephone  couples  for  the  transmission  of  the 
opera  music.  The  cell  R contained  thirty  telephone  couples  for  the  transmission 
of  the  music  from  the  Vienna  Rollschuh  Club  (distance  two  and  a fifth  miles) 
H was  a box  containing  seven  telephone  couples,  reserved  for  visitors.  In  each 
auditorium  the  telephones  of  one  circuit  were  joined  in  series,  and  every  tele- 
phone couple  contained  a telephone  of  each  of  the  two  circuits. 


SPECIAL  APPLICATIONS  OF  THE  TELEPHONE  AND 

MICROPHONE. 

Police  Use  of  the  Telephone. — The  telephone  plays  an  important  part 
in  the  police  system  at  Chicago.  Each  policeman  is  in  a position  to  communi- 
cate at  once  or  within  a few  minutes  with  his  own  or  the  central  station ; trust- 
worthy citizens  are  also  in  a position  to  call  for  help ; and  as  thieves,  as  a rule, 
know  when  and  where  policemen  are  present,  and  arrange  their  plans  accord- 
ingly, and  policemen  are  seldom  where  they  are  wanted,  such  an  arrangement  is 
of  great  value.  At  certain  points  of  each  district  police  stations  are  erected, 
where  there  are  three  men,  one  horse,  and  a wagon  always  ready;  and  these 
stations  are  put  into  telephonic  connection  Avith  alarm  stations,  Avhich  are  similar 
in  form  to  sentry-boxes.  These  boxes,  Avhich  are  just  large  enough  to  admit  one 
person,  are  placed  in  the  different  streets  at  certain  intervals,  and  can  be  opened 
by  means  of  keys  in  the  possession  of  policemen  and  respectable  inhabitants  of 
the  town.  To  prevent  misuse  the  keys  are  numbered,  and  once  placed  in  the 
lock,  can  only  be  removed  by  the  police.  The  box  contains  a pointer  apparatus 
and  a locked  case,  Avhich  can  only  be  opened  by  the  policeman,  and  in  Avhich 
the  telephone  apparatus  is  kept.  The  pointer  apparatus,  which  is  shown  in 
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Fig.  843,  is  capable  of  sending  eleven  different  signals  : Police  wagon,  thieves, 
forgers,  riot,  drunkard,  murder,  accident,  violation  of  city  property,,  fighting. 


Fig.  S43.— Chicago  Police  -Signal. 


Fig.  844. — Chicago  Police  Telephone. 


test  of  line,  fire.  The  one  who  gives  the  signal  has  only  to  place  the  pointer 
and  press  down  the  lever  h.  The  receiving  apparatus  at  the  police  station  con- 
sists of  an  ordinary  Morse  apparatus.  Fig.  844  shows  the  apparatus  contained  in 
the  locked  case.  It  contains  a telephone  and  microphone,  and  allows  the  police- 
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man  to  communicate  with  his  station,  and  the  inspector  making  the  round  to 
send  his  reports  at  certain  intervals  through  the  telephone  to  his  superior.  At 
the  request  of  townspeople  the  alarm  apparatus  may  be  erected  for  them  at  their 
houses  or  places  of  business  ; but,  in  these  cases,  the  door-key,  placed  in  a sealed 
envelope,  is  deposited  at  the  police  station,  so  that  the  policeman  may  enter  the 
house  of  the  person  calling  for  help. 

Military  Use  of  the  Telephone. — As  the  telephone,  compared  with  the 
telegraph  apparatus,  requires  no  specially-trained  men  for  the  purpose,  it  is  used 
with  advantage  for  certain  military  purposes.  In  the  practice  of  troops  over  a 
large  area,  orders  can  be  communicated  by  telephone ; for  instance,  to  give  the 
infantry  opportunity  to  practise  firing,  movable  targets  are  fired  at  with  cart- 
ridges, and  have  to  appear  and  disappear  in  different  places  at  certain  intervals. 


Fig.  845. — Portable  Telephone  Systems. 


The  officer  in  command  must  have  a perfect  control  over  these  targets,  and  must  , 
be  able  to  communicate  with  the  persons  that  have  to  move  them.  Lieutenant  > 
Laffert  reports  that  telephones  are  well  adapted  for  this  purpose.  Siemens’ -- 
telephones  are  generally  used  in  these  cases,  and  are  connected  by  a cable,  ^ 
which  consists  of  two  copper  wires  of  o'032  inch,  wound  in  lengths  of  ’ 
550  yards  upon  a portable  roller,  as  shown  in  Fig.  S45.  The  sheet-metal  J 
cylinder  a a,  which  is  4 inches  long,  has  two  discs  of  hard  wood  ^ 
fastened  upon  it;  the  disc  d divides  the  cylinder  into  two  halves  ee,  each  oL 
which  contains  a telephone ; / is  an  opening  in  the  sheet-metal  cylinder,  suffi-^' 
ciently  large  to  allow  the  cable  to  come  through.  On  the  outside  of  the^ 
wooden  disc  nearest  this  opening  the  clamp  p is  fastened.  The  beginning! 
of  the  cable  is  connected  with  the  clamps  of  the  telephone,  the  end  with  the, 
clamp/.  Straps  are  fastened  to  so  that  one  man  can  conveniently  carry| 

the  whole  apparatus.  When  the  apparatus  is  to  be  used,  die  portion  <r,  which  | 
has  not  had  its  telephone  connected  with  the  cable,  is  taken  out ; the  cable  endi 
is  then  removed  from  the  screw  /,  and  connected  with  the  free  telephone ; two^ 
men  take  hold  then  of  the  handles  /m,  and  walk  quickly  towards  the  place- 
appointed.  i 

1 

ij 

}. 
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In  order  to  somewhat  lighten  the  out-post  service  of  troops  enclosed  in 
fortified  places,  A.  Axt  proposed  the  use  of  telephones  combined  with  micro- 
phones. Suppose,  for  instance,  the  point  a (Fig.  846)  has  to  be  guarded  through 
a distance  of  4,000  yards,  along  the  arc  u v of  65°.  Microphones  are  sunk 
about  one  yard  deep  into  the  earth,  at  distances  of  400  yards  from  each 
other,  and  the  different  leads  are  conveyed  underground  to  the  point  a,  where 
they  are  connected  with  a telephone.  The  microphones,  which  are  constructed 
as  shown  in  the  right-hand  figure,  consist  of  cubes  of  tinned  sheet  iron  of 
o’oi2  inch  thickness,  open 
at  one  side.  The  metal 
membranes/ is  arranged 
as  in  telephones.  On  the 
upper  surface  of  the  mem- 
brane a small  carbon  cy- 
linder k is  fastened,  and 
against  this  a second  car- 
bon cylinder  k is  made  to 
lean  at  an  angle  of  about 
80°.  In  order  to  make 
the  contact  of  the  carbons 
easily  variable,  the  carbon 
k'  is  hung  from  the  line- 
wire  / by  means  of  a spiral 
spring.  The  leads  of  all 
the  microphones  are  con- 
veyed to  the  point  a, 
where  they  are  connected 
with  the  bars  i to  12  of 
the  commutator  (Fig.  847). 

The  second  layer  of  bars 
is  connected  with  the  tele- 
phone T,  the  battery  b,  and 
a galvanometer  g ; one  of 
the  bars  is  also  connected  with  an  earth-plate  e.  It  will  now  be  an  easy 
matter  to  trace  the  courses  of  the  current  when  the  connections  are  made  by 
inserting  the  plugs  in  the  proper  places  for  the  communication  it  is  desired 
to  secure.  Suppose,  for  instance,  that  the  bar  i is  plugged  with  a and  b 
and  the  earth-leads,  the  current  flows  either  from  the  battery  through  the 
galvanometer  and  the  telephone  to  bar  a,  and  so  to  the  earth,  or  else  from 
the  battery  through  the  bar  « into  the  leads  i,  into  the  microphone  connected 
with  I,  through  its  carbon  cylinder  k and  metal  mass  into  the  earth.  It  will  not 
be  difficult  to  distinguish,  by  means  of  the  telephone,  whether  single  persons  or 
troops,  cavalry  or  artillery,  are  approaching  the  respective  microphones.  Instead 
of  one  telephone,  several  may  be  joined  to  the  commutator. 


Fig.  S46.— Military  Microphone. 
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Diver  s Telephones.  Fig.  S48  represents  a telephone  specially  devised 
by  Captain  Des  Fortes  for  divers.  Ihe  telephone,  which  may  be  used  both  as  re- 
ceiving and  sending  apparatus,  has  the  form  of  a round  box  b,  in  which  a bent 
magnet  is  placed.  The  box  is  fastened  to  the  plate  a b,  which  is  fixed  inside  the 
helmet.  From  the  one  clamp  the  wire  leads  to  the  helmet,  which  serves  as  earth- 
plate,  whilst  the  wire  from  the  other  clamp  s connects  it  with  the  cable  K of  the 

ship.  The  wire  from  s passes  through  the  plate  a b, 
and  then  through  a gutta-percha  plate  c;  the  cable 
passes  also  through  m,  and  a gutta-percha  plate  By 
this  means  the  ends  of  both  wires  are  insulated  from 
the  screw  boxes  r and  m that  contain  them,  and  from 
the  water  outside  these  boxes.  The  two  ends  are 
brought  into  contact  by  means  of  small  plates  n 
soldered  to  the  ends.  When  r and  m are  screwed 
together,  the  plates  at  n are  pressed  together,  and 
thus  close  the  circuit.  When  the  diver  puts  on  his 
apparatus  the  telephone  is  close  to  his  left  ear,  and 
he  can  hear  all  that  is  spoken  in  the  telephone  at 
the  surface.  The  diver  is  easily  understood  although 
the  telephone  is  not  immediately  opposite  his  mouth 
when  speaking,  because  his  head  is  covered  by  the 
helmet.  A whistle  may  be  arranged  in  front  of  his 
mouth  for  purposes  of  signalling,  and  a single  line  which  the  diver  carries 
with  him  serves  the  same  purpose. 

The  Use  of  the  Microphone  for  Medical  Purposes. — The  great 
sensibility  of  the  microphone  makes  it  of  special  service  for  medical  purposes. 
A number  of  instruments  have  been  constructed,  of  which  we  shall  proceed  to 
describe  a few. 

1 he  Miophone,  shown  in  Fig.  849,  has  been  constructed  by  Boudet  for 
examining  the  muscles.  Behind  the  narrow  opening  of  the  mouthpiece  b is 
placed  the  parchment  membrane  in  in.,  which  has  upon  its  lower  side  the 
examining  knob  k,  and  upon  its  upper  side  the  carbon  h.  The  second  carbon 
D is  held  by  the  slide  a,  which  can  be  moved  up  and  down  by  the  micrometer 
screw  V.  The  bent  paper  strip  at  i serves  as  a spring  which  gently  presses  the 
carbon  D against  h.  d is  connected  with  the  screw  s by  the  support  to  which 
A is  attached,  and  the  wire  shown  in  the  figure  connecting  s with  this  support ; 
and  H is  connected  with  Sj  by  means  of  a wire  and  a drop  of  mercury,  which 
is  placed  in  the  hollow.  When  a muscle  is  to  be  e.xamined,  the  instrument  is 
placed  with  its  knob  k upon  it.  In  this  manner  it  has  been  found  that  in  a 
human  muscle  the  j^itch  of  the  noise  is  suddenly  raised  with  the  natural  contrac- 
tion of  that  muscle,  and  continues  to  rise  in  proportion  to  the  intensity  of  the 
contraction.  The  miophone  is  a very  useful  instrument  for  observing  patho- 
logical cases,  such  as  paralysis. 

Microphones  which  are  used  for  examining  the  pulse  are  generally  called 


Fig.  848. — Diver’s  Tele- 
phone. 
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snhygniophones.  One  of  the  most  sensitive  of  these  instruments  is  that  con- 
structed by  Boudet,  and  shown  in  Fig.  850.  Upon  a gutta-percha  plate  one  inch 
by  two  inches,  two  springs  e and  F are  fastened,  of  which  the  one  carries  the 
examining  knob  K,  the  other  the  carbon  h.  The  spring  G serves  to  regulate 
the  distance  of  the  two  springs  from  each  other,  and  also  the  pressure  ot  k 


upon  the  artery.  The  movable  carbon  d is  pressed  by  the  paper  spring  1 
against  the  carbon  h,  and  is  fastened  in  the  fork  b by  means  of  the  screw  c, 
which  can  be  moved  horizontally.  By  turning  v,  the  fork,  and  with  it  the 
carbon,  can  be  moved  up  and  down  a.  To  l l ribbons  are  attached,  which 
can  be  tied  to  the  arm  or  other  portion  to  be  examined. 

For  the  examina.tion  of  veins,  where  the  instrument  last  described  cannot 
be  used,  the  transmission  microphone  is  employed.  This  is  shown  in  Fig.  851. 
The  carbon  piece  c'  is  fastened  to  the  drum,  the  membrane  (t)  of  which 
consists  of  prepared  pig’s  bladder.  The  drum  is  in  connection  with  an  india- 
rubber  tube  N,  and  an  ivory  funnel  n,  which  is  placed  with  a slight  pressure 
upon  the  vein  to  be  examined.  In  order  to  exclude  all  noises  from  outsule, 
the  funnel  is  frequently  provided  with  a membrane  furnished  with  an  examin- 
ing knob  (shown  in  section  a).  The  regulation  of  the  pressure  of  the  contact 
between  the  two  carbon  pieces  c c'  is  brought  about  in  the  following  manner  : 
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The  carbon  c has  on  its  upper  surface  a small  steel  needle,  and  the  screw  m 
is  a magnetic  steel  spindle ; the  regulation  of  pressure  is  therefore  due  to  the 
magnetic  force  of  attraction.  Gaiffe  encloses  the  whole  instrument  in  a bo.x 
which  also  contains  the  battery  p. 

The  audiometer,  or  sonometer,  shown  in  Fig.  852,  is  an  extremely  sensitive 
instrument  used  in  testing  the  sensitiveness  or  acuteness  of  hearing  in  different 
persons.  A rod  marked  with  a scale  is  fastened  upon  two  vertical  supports ; 
a and  c are  fixed  induction  coils,  whilst  is  a similar  coil  that  can  be  moved 
along  the  rod ; a has  a good  many  turns  of  wire,  whilst  c has  only  a few.  The 
ends  of  the  coils  a and  c are  connected  with  a microphone,  so  that  the  currents 


Fig.  852. — Hughes’  Audiometer. 


of  the  two  coils  a and  c have  opposite  effects  upon  the  coil  b,  which  is  connected 
with  a telephone.  If  variable  currents  are  sent  through  the  coils  a and  c,  by 
means  of  the  striking  of  a clock,  both  a and  c will  affect  b,  but  a will  affect  it 
more  strongly  than  c because  it  has  a greater  number  of  turns  ; thus  the  induc- 
tion effects  in  b reproduce  the  striking  of  the  clock  in  the  telephone.  But 
the  induction  effects  of  a and  c are  opposed  to  each  other,  and  will  consequently 
tend  to  neutralise  each  other  the  more  completely  the  nearer  the  coil  b,  which 
has  many  turns,  is  brought  to  the  coil  c,  which  has  but  few.  It  is  clear,  how- 
ever, that  by  moving  b along  the  rod  we  must  come  upon  a spot  where  the 
forces  of  a and  c are  in  equilibrium,  and  where  the  telephone  becomes  mute. 
This  position  is  indicated  by  o upon  the  scale,  and  when  a person,  whose 
hearing  is  to  be  tested,  has  the  telephone  at  his  ear,  the  nearer  the  coil  b can  be 
taken  to  this  spot,  without  the  listener  ceasing  to  hear  the  clock,  the  better  is  the 
hearing  of  the  person  who  is  using  the  telephone.  By  examining  a number  of 
persons,  say  fifty  for  instance,  a scale  is  obtained,  for  which  the  zero  point 
indicates  an  extremely  good  hearing,  and  the  end  of  the  scale  almost  absolute 
deafness.  Hughes  and  Richardson  found  that  the  sensitiveness  of  hearing 
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is  increased  when  the  breath  is  held,  and  that  not  only  the  hearing,  but  the 
strength  of  other  organs,  diminishes  during  illness. 

The  sonometer  may  further  be  used  for  measuring  resistances.  For  this  pur- 
pose the  two  coils  a and  c are  made  exactly  alike,  and  the  current  coming  from 
the  battery  is  allowed  to  branch  off,  so  that  one  branch  flows  through  «,  the 
other  branch  through  <r.  The  position  of  the  coil  b is  determined  when  the  tele- 
phone becomes  mute.  When  the  resistances  on  the  two  sides  are  exactly  equal, 
this  point  will  be  the  middle  of  the  rod.  It  is  evident  that  every  alteration  in 
the  resistance  of  the  one  or  the  other  branch  will  cause  a noise  in  the  telephone, 
which  only  ceases  when  the  position  of  the  coil  b is  altered  accordingly.  In  this 
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manner  a number  of  known  resistances  may  be  taken  and  marked  along  the 
scale.  If  an  unknown  resistance  is  now  brought  into  the  circuit,  and  the  coil  b 
moved  until  the  telephone  becomes  mute,  the  position  of  b will  thus  indicate  on 
the  scale  the  value  of  the  resistance.  The  sonometer  may  also  be  used  for 
examining  telephones.  If  a number  of  telephones  in  succession  are  inserted  in 
the  movable  coil,  which  is  placed  at  the  zero  point  of  the  scale,  that  construc- 
tion will  be  the  best  that  proves  most  sensitive  to  the  sonometer.  The  method 
of  determining  the  relative  sensitiveness  of  different  telephones  is  the  same  as 
that  of  determining  the  sensitiveness  of  different  persons’  hearing.  Telephones 
are  here  substituted  for  persons — that  is  to  say,  in  the  former  case  the  telephone 
remained  the  same,  while  the  listener  was  changed  ; but  in  this  case  the  listener 
is  the  same,  and  the  telephone  is  changed. 

The  Induction  Balance. — The  induction  balance,  shown  in  Fig.  853, 
is  constructed  on  the  same  principle  as  the  sonometer.  The  scales  of  this 
balance  consist  of  two  cylinders  of  ebonite  4 inches  in  height  and  one  inch 
and  a quarter  in  diameter.  Each  of  these  has  two  coils  of  about  150  turns 
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each.  The  coils  are  arranged  on  the  cylinders  about  one-fifth  of  an  inch  apart. 
The  two  upper  coils  are  connected  with  a battery,  a microphone,  and  a galvano- 
meter, to  form  one  circuit,  as  shown  in  the  figure,  and  the  two  lower  coils  are 
connected  with  a telephone  to  form  a second  circuit.  The  two  lower  coils 
are  so  arranged  that  the  induced  currents  generated  in  them  oppose  each  other, 
so  that  if  the  currents  are  equal  to  each  other,  no  sound  will  be  heard  in  the 
telephone.  Suppose  this  condition  of  things  to  be  secured,  and  then  let  a coin 
be  introduced  into  one  of  the  cylinders  between  its  two  coils,  equilibrium  is 
immediately  destroyed,  and  the  telephone  begins  to  sound.  It  can  be  made 
mute  again  by  adjusting  the  movable  coil  on  the  second  cylinder,  or  by  com- 
pensating for  the  disturbance  in  another  manner.  If  a second  coin  be  introduced 


in  the  place  of  the  first,  equilibrium  will  only  be  maintained  when  the  second 
coin  has  the  same  form,  weight,  and  composition  as  the  first.  The  method 
has  been  used  for  the  examination  of  alloys,  and  a description  of  this  appli- 
cation appeared  in  the  Philosophical  Magazine.,  1879,  elsewhere.  The 
balance  is  so  sensitive  that  different  results  are  even  obtained  when  the  physical 
condition  of  the  coin  only  is  altered,  as  for  instance  by  hammering,  casting, 
etc.  The  induction  balance  is  further  used  for  the  discovery  of  ores  under- 
ground, torpedoes  and  other  metallic  bodies  in  the  sea,  projectiles  in  the 
human  body,  etc.  etc.  MacEvoy’s  Submarine  Finder,  for  the  discovery  u( 
torpedoes,  anchors,  iron  ships,  and  all  kinds  of  iron  material  at  the  bottom 
of  the  sea,  which  is  shown  in  Fig.  854,  is  only  an  induction  balance  in  a 
somewhat  altered  form,  p p'  are  the  coils  inserted  in  the  primary  circuit,  b 
represents  the  battery,  and  j an  interrupter.  The  secondary  coils  s s'  ate 
connected  with  the  telephone  x.  When  quickly  succeeding  current  impulses 
are  sent  through  the  coils  p p',  induced  currents  are  generated  in  the  spirals 
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s s',  which  neutralise  each  other,  because  they  affect  the  telephone  in  oppo- 
site directions ; thus  the  telephone  is  made  mute  when  the  position  of  the 
coils  is  regulated  accordingly.  If  now  the  coils  p'  s'  be  brought  near  a metal 
mass,  equilibrium  is  at  once  destroyed,  and  the  telephone  indicates  by  giving 
out  sounds  the  presence  of  a metal  in  a particular  spot — for  instance,  the  spot 
where  a torpedo  lies  hidden,  etc. 

The  induction  balance  has  been  used  in  various  forms  by  army  surgeons 
as  an  electric  ball  probe.  For  this  purpose  Hughes  makes  one  pair  of  the 
coils  movable,  and,  having  adjusted  the  balance,  conveys  this  pair  over 

the  portion  of  the  body  into  which  the  projectile  entered.  As  soon  as 

the  coils  come  near  the  projectile,  the  telephone  begins  to  sound.  By  moving 

the  coils  about  this  portion,  the  exact  spot  may  be  found  where  the  projectile 

lies  hidden,  because  the  telephone  will  sound  loudest  at  that  spot.  The 
depth  of  the  projectile  may  also  be  detected.  'I’he  coils  for  this  purpose 
are  left  at  that  place  where  the  telephone  sounds  loudest,  it  is  then  silenced 
by  bringing  a piece  of  lead,  equal  to  that  supposed  to  be  in  the  wound,  near 
the  fixed  coil.  If  the  lead  piece  is  at  the  same  distance  from  the  fixed  coil 
as  the  coil  on  the  body  is  from  the  projectile,  equilibrium  is  again  restored, 
and  the  telephone  becomes  silent.  The  distance  of  the  lead  from  the  fixed 
coil  gives  the  depth  to  which  the  ball  has  entered. 

Statistics. — The  Journal  Telegraphique  published  in  1892  the  following 
statistics  respecting  telephonic  equipment  and  work  on  the  continent  0* 
Europe : — 


Country. 

Length  of  Wire 
in  Miles. 

Number 
of  Subscribers. 

Number  of  Conversa- 
tions per  Annum. 

Average 
Number  of  Con- 
versations per 
day  per 
Subscriber, 

Austria 

21, 6n 

8,911 

12,977,000 

4' 

Belgium  ... 

7,096 

6,04s 

12,022,128 

5 ‘4 

Germany...  

62,386 

59,086 

223,852,925 

10 '6 

Hungary... 

2,463 

2,181 

6,820,000 

8-6 

Italy 

11,264 

10,481 

16, 709,000 

4*4 

Luxemburg 

2t3 

Sii 

562,000 

1-9 

Norway  ... 

4,067 

5,i‘o 

6,000,000 

37 

Spain 

11,106 

7,092 

4,200, 000 

I '6 

Sweden  ... 

21,288 

19.367 

21,657,000 

3‘i 

Switzerland 

10,605 

10.945 

5,350,000 

I ’3 

Large  as  so.me  of  these  figures  are,  they  are  quite  surpassed  by  the  records 
for  the  United  States,  as  given  by  the  report  for  the  Census  in  1890.  In  that 
year  there  were  in  the  States  1,241  exchanges,  with  240,412  miles  of  wire,  and 
227)357  subscribers.  The  number  of  conversations  reached  the  enormous 
total  of  453,200,000. 

In  France,  in  1891,  there  were  18,191  subscribers  and  nearly  1,200  miles 
of  wires. 

In  the  United  Kingdom  the  National  Telephone  Company,  in  1892,  had 
489  exchanges  with  54,637  lines,  in  addition  to  a few  worked  by  the  Post  Office. 
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PHOTOPHONE,  PHEROPE,  AND  PHONOGRAPH. 

Properties  of  Selenium. — In  1817,  Berzelius  discovered  selenium,  which 
in  its  chemical  and  physical  properties  resembles  sulphur  and  tellurium.  Selenium 
heated  for  some  time  to  loo®  turns  into  a crystalline  greyish  mass.  Knox  pointed 
out,  in  1837,  the  conductivity  of  molten  selenium  for  electric  currents.  May  found 


Fig.  855. — Bell’s  Selenium  Cell. 


that  the  conductivity  of  selenium  is  considerably  influenced  by  light.  Numerous 
physicists,  as  Willoughby  Smith,  Draper,  Sabine,  Bell,  Adams,  Werner  Siemens, 
and  others  have  pursued  investigations  in  the  subject,  most  of  them  using  the  gal- 
vanometer for  their  experiments.  Bell,  however,  used  the  telephone  for  detecting 
the  alterations  of  resistance,  and  this  led  to  the  construction  of  the  photc phone. 
As  selenium  offers  a very  great  resistance  to  the  passage  of  the  electric  cur- 
rent, only  very  thin  layers  can  be  inserted  in  a circuit  when  the  telephone  is 
to  be  heard,  because  the  resistance  of  the  induction  coil  in  the  telephone  has  to 
correspond  with  the  resistance  of  the  circuit.  The  selenium  surface  has,  how- 
ever, to  be  large,  in  order  that  it  may  be  as  much  as  possible  affected  by  the 
light.  Bell  and  Tainter  tried,  therefore,  to  produce  some  preparation  that 
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answered  the  above  conditions— /.(?.  they  endeavoured  to  obtain  a sensitive 
selenium  cell.  Bell  says,  in  his  first  memoir  on  this  subject,  that  he  had 
constructed  more  than  fifty  different  selenium  cells  with  which  to  experiment. 
Such  a selenium  cell  is  given  in  Fig.  855.  It  consists  of  a great  number 
of  brass  discs  (i.  . . 10),  which  are  insulated  from  each  other  by  mica 
plates  (the  white  strips  in  the  figure).  The  mica  discs  have  a smaller  diameter 
than  the  brass  discs,  so  that  a circular  space  is  left  between  two  succeeding 
brass  discs,  which  is  intended  for  the  reception  of  the  selenium.  The  whole 
pile  is  now  heated  to  the  temperature  at  which  selenium  melts.  A stick  of 
selenium  is  then  rubbed  over  the  hot  surface,  and  the  molten  selenium  enters 
the  circular  spaces,  marked  as  dark  surfaces.  The  even  numbered  brass 
discs  are  connected  with  a conductor  n,  and  the  odd  numbered  discs  with 


a second  conductor  m.  In  this  manner  a number  of  selenium  elements  are 
joined  in  parallel,  that  is  to  say,  a pile  is  obtained,  which  is  of  small  resistance, 
although  its  surface  is  large.  Such  a pile  had  1,200  ohms  of  resistance  in  the 
dark,  and  only  600  ohms  by  daylight. 

The  form  which  Mercadier  gave  to  his  selenium  element  is  shown  in  Fig.  856. 
Two  very  thin  brass  bands,  a and  b,  of  0^004  inch  thickness,  are  used  for  this 
purpose.  One  of  these  is  indicated  by  the  full  lines,  the  other  by  the  dotted 
lines.  The  brass  bands  are  insulated  from  each  other  by  having  parchment  strips 
between  them,  represented  by  the  white  spaces  in  the  figure.  The  end  of  brass 
band  a is  fastened  to  the  brass  plate  d d,  and  strip  b is  connected  with  the 
brass  plate  c c ; so  that  every  alternate  coil  is  connected  with  one  plate,  and 
the  remaining  coils  with  the  other.  The  whole  arrangement  is  placed  between 
wooden  bars,  held  together  by  the  screws  n n.  The  clamp  a is  connected 
with  the  metal  plate  c c,  the  screw  b with  the  plate  d d.  The  block  thus 
obtained  is  polished  at  its  front  side,  and  then  tested  with  a galvanometer 
to  see  whether  the  two  metal  coils  are  insulated  from  each  other  throughout 


^54  Electricity  in  the  Service  of  ATan. 

their  length.  The  block  is  then  heated  in  a sand  bath  until  it  has  reached 
the  temperature  at  which  selenium  melts.  One  side  of  the  block  is  then  coated 
with  a thin  layer  of  selenium.  In  order  to  protect  this  layer  of  selenium,  it 
is  covered  either  with  a thin  mica  plate  or  a layer  of  varnish. 

If  the  telephone  is  to  form  a sensitive  and  effective  apparatus  for  noticing 
the  alterations  of  resistance  in  selenium,  it  must  be  influenced  by  currents 
that  change  their  magnitude  suddenly  and  repeatedly,  as  gradual  changes  affect 
the  telephone  as  little  as  they  do  the  secondary  coils  of  induction  coils. 
It  is  therefore  necessary  that  the  resistance  in  the  selenium  shall  change 
rapidly,  t.e.  that  the  selenium  element  shall  be  exposed  to  a rapidly  inter- 
mittent illumination.  Such  intermittent  changes  of  light  can  be  produced  in 
different  ways  ; one  method  is  to  intercept  the  rays  of  light  by  means  of  an 

opaque  disc,  which  has  openings  near 
its  periphery,  and  is  then  made  to 
rotate  rapidly.  If  the  selenium  ele- 
ment be  connected  with  a battery  and 
a telephone  to  form  a circuit,  a sound 
will  be  heard  in  the  telephone,  the 
pitch  of  which  is  determined  by  the 
number  of  intermissions  of  the  light 
in  a unit  of  time.  Bell  and  Tainter 
in  their  experiments  placed  the  re- 
ceiver 232  yards  from  the  sender; 
if,  however,  the  source  of  light  is  suf- 
ficiently powerful,  this  distance  may 
be  considerably  increased.  The  apparatus,  as  described,  allows  correspondence 
to  take  place  between  persons  at  two  places  distant  from  each  other,  without 
their  being  connected  with  each  other  by  leads.  An  alphabet  may  be  com- 
posed of  long  and  short  sounds  in  the  same  manner  as  the  alphabet  of  the 
Morse  apparatus,  which  consists  of  dashes  and  dots.  A simple  apparatus 
by  means  of  which  this  may  be  obtained  is  shown  in  Fig.  857.  The  disc  s, 
which  is  perforated  at  its  periphery,  is  made  to  rotate  uniformly,  and  thus 
changes  the  passing  rays  of  light  into  intermittent  rays,  which,  owing  to  the 
alterations  of  resistance  in  the  selenium  cell,  cause  the  telephone  at  the  receiving 
station  to  sound.  These  sounds  may  be  made  long  and  short  at  pleasure  by 
preventing  the  rays  of  light  from  passing  the  disc  s through  a smaller  or  greater 
number  of  holes.  The  key  t,  which  moves  about  l,  and  ends  in  the  pointer 
L /,  serves  this  purpose.  When  the  key  is  at  rest,  /.<?.  when  it  presses  against 
the  upper  screw  v,  the  end  of  the  pointer  at  / covers  that  opening  of  the  disc 
which  lies  opposite  the  source  of  light,  and  hinders  the  passage  of  the  rays  of 
light.  When  the  key  is  pressed  down  the  pointer  moves  to  the  left,  and  the 
rays  are  allowed  to  pass  as  often  as  an  opening  comes  opposite  the  source  of 
light.  By  holding  down  the  key  a longer  or  shorter  time,  shorter  or  longer 
sounds  are  produced  in  the  telephone  at  the  receiving  station. 
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The  Photophone. — To  sucli  apparatus,  in  which  sound  is  produced  by 
means  of  an  ordinary  ray  of  light,  Bell  gave  the  name  of  photophone.  The 
photophone  may  not  only  be  used  for  the  transmission  of  sounds,  but  also 
for  tlie  transmission  of  spoken  words.  Bell  obtained  this  result  by  making 
the  beam  of  light,  which  a mirror  reflects,  vibrate,  the  vibrations  being  of  the 
same  kind  as  those  produced  by  speaking  to  a membrane.  Bell  uses  a thin 
mica  or  glass  plate  as  membrane  or  diaphragm,  which,  by  being  silvered,  serves 
at  the  same  time  as  a mirror.  The  apparatus  must  be  arranged  as  shown  in 


Fig.  85'^.  — The  Photophone. 


Fig.  859. — The  Sender  of  a Photophone. 


Fig.  858.  M is  a mirror,  which  throws  the  rays  of  light  (of  the  sun,  an  electric 
lamp,  etc.)  upon  the  thin  silvered  plate  or  diaphragm  d ; these  rays  are  reflected 
in  the  direction  indicated  by  the  arrow ; the  lenses  and  Lg  serve  to  concentrate 
the  rays.  At  the  receiving  station  the  rays  of  light  fall  upon  a parabolic  con- 
cave mirror  r,  and  are  thrown  from  there  upon  the  selenium  cell  p,  which  is 
inserted  in  the  circuit  of  the  battery  b and  the  telephone  t.  If  o is  now  spoken 
into,  the  diaphragm  d begins  to  vibrate,  and  causes  the  rays  of  light  to  vibrate 
also.  The  selenium  cell  p will  then  be  exposed  to  a change  of  illumination, 
which  corresponds  to  the  vibrations  of  sound.  The  resistance  in  the  selenium 
cell,  and  therefore  the  current,  is  altered  accordingly,  and  consequently  the 
membrane  of  the  telephone  makes  the  same  vibrations  as  the  diaphragm  d, 
/.c.  the  telephone  reproduces  the  words  spoken  against  D.  Fig.  859  re- 
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presents  the  sender  in  perspective.  The  rays  of  light  falling  upon  the  mirror 
M are  reflected;  collected  by  the  lens  Lj,  and  conveyed  to  the  mirror  dia- 
phragm Dj  from  here  they  pass  through  the  lens  L3,  and  then  reach  the 
receiving  station. 

Bell’s  experiments  and  publications  regarding  the  photophone  stimulated 
further  investigations.  It  was  found  that  the  transmission  of  sound  was  pos- 
sible without  using  selenium  cells  and  galvanic  batteries,  and  that  non- 

luminous  heat-rays  were  capable  of  producing 
sound.  The  latter  fact  caused  Mercadier  to  use 
the  word  Radiophone,  instead  of  photophone.  A 
thin  plate  of  any  material  serves  as  receiver  in 
the  radiophone,  the  sounds  produced  by  this  plate 
being  transmitted  by  means  of  a tube  to  the  ear. 
Mercadier  altered  the  sender  (or  sounding  appa- 
ratus) by  substituting  for  the  perforated  disc  a 
glass  disc,  covered  with  black  paper,  in  which 
openings  in  the  form  of  concentric  circles  were 
cut.  By  this  arrangement  those  noises  were 
avoided  which,  in  Bell’s  arrangement,  were 
caused  by  the  friction  of  the  air  in  the  holes. 
It  was  soon  found  that  the  receiver’s  plates  were 
not  made  to  vibrate  transversely  by  the  inter- 
mittent rays  of  light,  but  vibrated  like  ordinary 
sounding-plates.  One  and  the  same  plate,  for 
instance,  is  capable  of  giving  the  highest  and 
deepest  notes  equally  well ; the  breadth  and 
thickness  of  the  plate  do  not  influence  the  pitch 
nor  the  sonorousness  or  timbre  of  the  sounds. 
When  several  intermittent  rays  of  light,  having 
varying  rates  of  intermittence,  meet  the  plate, 
whole  sounds  are  produced  by  it.  Except  as 
it  affects  the  intensity  of  sound,  it  is  immaterial  of  what  substance  the 
plates  are  made ; but  the  slightest  alteration  in  the  surface  makes  a difference. 
Scratched  or  oxidised  surfaces  increased  the  intensity  of  sound  very  much, 
whilst  a silvered  glass  plate  gave  no  sound  at  all.  As  a rule,  those  plates 
proved  most  effective  which  absorb  the  rays  strongly,  but  do  not  reflect  them 
well.  Very  good  results  were  obtained  by  using  plates  the  surfaces  of  which 
were  covered  with  Indian  ink,  platinum  black,  or  soot ; paper  which  in  its 
ordinary  condition  gave  no  sounds,  did  so  when  the  illuminated  surface  was 
covered  with  soot.  A very  sensitive  receiver  is  obtained  by  coating  a mica 
plate  with  soot. 

The  great  sensitiveness  of  surfaces  coated  with  soot  caused  Tainter  to  form 
the  idea  of  substituting  soot  for  the  selenium  in  a selenium  cell.  For  this 
purpose  silver  is  precipitated  upon  a glass  plate  p (Fig.  860) ; and  portions  of 
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this  precipitate  are  removed,  so  that  the  places  free  from  silver  form  a zigzag 
line  z z,  which  is  filled  up  with  soot.  The  zig-zag  shaped  soot  strips  divide  the 
silver  coating  into  two  portions  which  can  be  connected,  by  means  of  the 
clamps  K K,  with  the  battery  and  the  telephone.  When  intermittent  rays  of 
light  strike  upon  the  face  of  such  a cell,  loud  sounds  are  produced  in  the 
telephone. 

Cause  of  the  Microphonic  Action  of  Selenium  Cells. — The  remark- 
able property  possessed  by  crystalline  selenium  of  having  its  electrical  resistance 
varied  by  the  action  of  light  has  been  the  subject  of  many  investigations.  Of 
these  the  best  known  and  by  far  the  most  exhaustive  are  the  researches  of  Pro- 
fessor W.  G.  Adams  and  Mr.  R.  E.  Day,  an  account  of  which  was  published  in  the 
Phil.  Trans,  of  1877.  As  the  result  of  many  experiments,  these  gentlemen  were 
led  to  form  the  opinion  that  “ the  electrical  conductivity  of  selenium  is  electro- 
lytic.” The  principal  reasons  given  for  this  conclusion  are  : “ (i)  that  the  resistance 
of  selenium  bars  appeared  to  depend  upon  the  e.  m.  f.  of  the  battery  employed, 
being  generally  diminished  as  the  battery  power  was  increased ; (2)  that  the 
resistance  of  a bar  a b was  generally  not  the  same  for  a current  in  the  direction 
A B as  for  a current  in  the  direction  b a ; (3)  that  the  passage  of  a battery  current 
was  always  followed,  when  the  battery  had  been  disconnected,  by  a secondary 
or  polarisation  current  in  the  opposite  direction,  it  being  clearly  proved  that 
this  secondary  current  was  not  due  to  any  thermo-electric  action,  either  in  the 
selenium  itself  or  in  any  other  part  of  the  circuit.’’ 

The  action  of  light  in  altering  the  conductivity  is  supposed  by  these  experi- 
menters to  arise  from  a modification  of  the  crystalline  condition  of  the  substance 
when  exposed  to  light.  The  following  are  their  words  on  this  point : “ Light, 
as  we  know,  in  the  case  of  some  bodies  tends  to  promote  crystallisation,  and 
when  it  falls  on  the  surface  of  a stick  of  selenium,  tends  to  promote  crystallisa- 
tion in  the  exterior  layer,  and  therefore  to  produce  a flow  of  energy  from  within 
outwards,  which  under  certain  circumstances  appears  in  the  case  of  selenium 
to  produce  an  electric  current.  The  crystallisation  produced  in  selenium  by 
light  may  also  account  for  the  diminution  in  the  resistance  of  the  selenium 
when  a current  from  a battery  is  passing  through  it,  for  in  changing  to  the 
crystalline  state  selenium  becomes  a better  conductor  of  electricity." 

Sabine,  Siemens,  Moser,  Bid  well,  and  Mr.  C.  E.  Fritts,  of  New  York,  have 
investigated  and  discussed  these  most  remarkable  properties.  Of  these.  Dr. 
Moser  has  supposed  that  the  action  is  due  to  the  alteration  by  expansion,  caused 
by  heat,  of  the  imperfect  contact  between  the  metallic  electrodes  and  the 
selenium.  But  Mr.  Bidwell,  by  simply  heating  the  cell,  has  shown  that  the 
effect  cannot  be  produced  in  this  way. 

Mr.  Bidwell  maintains  that  the  supposition  that  light  produces  its  effects  by 
heating  is  further  negatived  by  the  fact  that  a comparatively  high  temperature 
IS  required  to  bring  down  the  resistance  of  the  cell  to  the  point  to  which  it 
IS  instantly  reduced  by  exposure  to  a strong  light. 

In  the  case  of  the  carbon  photophone  there  can  be  no  doubt  that  the  effects 
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are  due  to  heat  only.  In  the  publication  by  Mr.  C.  E.  Fritts,  above  referred  to, 
a new  and  ingenious  method  of  constructing  selenium  cells  again  directed  atten- 
tion to  the  subject,  and  led  to  the  discovery  that  sulphur  exhibits  a similar 
behaviour  when  under  the  influence  of  light,  though  not  to  the  same  extent  as 
selenium.  These  sulphur  cells  have  been  experimeuted  on  by  Mr.  Bidwell. 

The  Telephote,  or  Pherope,  is  an  instrument  to  which  the  ambitious 
purpose  has  been  assigned  of  enabling  a person  living,  for  instance,  in  London,  to 
see  by  telegraph  a picture  or  an  occurrence,  such  as  a race,  taking  place  at  York. 
Although  the  problem  is  far  from  being  solved,  Messrs.  Ayrton  and  Perry  have 
been  able  to  show  that  it  is  within  the  range  of  possibility.  We  cannot  do  better 
than  give  a quotation  from  a lecture  by  Professor  Perry  on  this  subject : — “ I have 
a little  selenium  cell  at  York  on  a certain  part  of  this  picture,  and  at  London  I 
can  throw  at  a corresponding  place  on  this  screen  a square  of  light ; and  suppose 
that  the  illumination  of  this  square  is  governed  by  a little  movable  shutter, 
which  is  attached  to  the  needle  of  a galvanometer.  Now  when  light  falls  on 
the  selenium  at  York,  an  immediate  change  occurs  in  it,  so  that  more  current 
flows  to  London,  and  this  opens  the  shutter.  The  London  square  is  then 
bright  when  the  York  selenium  is  in  bright  illumination.  When  the  York 
selenium  is  in  shade  or  darkness,  you  see  that  the  London  square  is  in 
corresponding  shade  or  darkness.  (Experiment  shown.)  Now  suppose  that  we 
form  an  image  of  this  girl  with  her  skipping-rope  at  York,  and  cause  a selenium 
cell  at  York  tc  travel  across  her  image,  and  suppose  that  this  mirror  at  London 
moves  so  as  to  cause  the  illumination  which  passes  the  shutter  to  traverse  this 
London  screen  isochronously  — an  operation  performed  in  several  telegraph 
instruments.  Then,  whenever  this  cell  reaches  a dark,  or  shady,  or  bright  place 
in  the  image  at  York,  there  wull  be  darkness,  or  shade,  or  brightness  at  the 
corresponding  place  in  London.  And  now  suppose  that  this  motion  is  effected 
rapidly  enough,  you  are  all  aware  that  if  the  shutter  is  only  quick  enough  in  its 
answering  motions,  the  image  of  the  part  of  the  screen  at  York  traversed  by  the 
cell  will  be  faithfully  reproduced,  and  w'ill  remain  on  the  retina  at  London  as  a 
distinct  picture  in  black,  and  grey,  and  white,  just  like  a photograph.  With 
then,  perhaps,  forty  such  cells  as  this  all  moving  in  the  way  spoken  of,  or  a 
smaller  number  rotating  on  a radial  arm,  it  would  actually  be  possible  to  show 
at  London,  not  merely  an  image  of  a girl  at  York,  but  an  image  of  a girl 
skipping.” 

Professor  Perry  used  the  model  shown  in  Fig.  861  to  explain  the  principle. 
By  means  of  a lantern  l an  image  is  thrown  upon  the  screen  s : for  instance 
a ribbed  pattern  consisting  of  dark  and  light  stripes.  By  means  of  a string  a 
selenium  cell  d can  be  moved  quickly  over  it ; one  end  of  this  string  is  fastened 
to  the  movable  sector  hb,  so  that  the  selenium  cell  and  this  sectui,  by  pulling 
the  free  end  of  the  string,  are  moved  perfectly  isochronously  T he  mirror  a is 
fastened  to  the  support  b ; opposite  to  the  mirror  is  placed  the  screen  j,  bent 
to  the  radius  of  h b.  The  source  of  light  q the  rays  of  which  are  thrown  by 
the  mirror  upon  screen  s,  has  a peculiar  construction  ; before  the  rays  reach  the 
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mirror  they  have  to  pass  a kind  of  galvanometer,  i.e.  they  have  to  go  through 
the  hollow  of  a coil  in  which  a small  magnetic  needle  swings.  Upon  this  nebdle 
is  fastened  a screen  of  sheet  aluminium,  coated  with  lamp-black,  called  a 
darkener,  which  places  itself,  according  to  the  position  of  the  needle,  either 
crosswise  or  parallel  to  the  longitudinal  direction  of  the  space  of  the  spiral,  or 
takes  up  a position  between  the  two.  When  the  darkener  stands  crosswise  in  the 
liollow  space  of  the  spiral,  it  entirely  cuts  off  th<=‘  passage  of  the  rays  of  light ; 
when  it  stands  parallel,  almost  all  the  rays  are  allowed  to  pass  ; and  in  its  middle 
position,  a portion  only  of  the  rays  pass.  Biit  as  the  coil  is  inserted,  with  the 
selenium  cell  d,  in  the  circuit  of  a battery,  the  position  of  the  magnetic  needle, 
and  also  that  of  the  darkener,  will  depend  upon  the  strength  of  current.  The 
darkener  is  fastened  upon  the  magnetic  needle  in  its  crosswise  position,  that  is. 


Fig.  861. — The  Telephote,  or  Pherope. 


when  the  rays  of  light  are  completely  intercepted,  and  when  the  current  has  its 
minimum  intensity.  By  this  arrangement  the  strength  of  current  is  only  varied  by 
the  varying  resistance  of  the  selenium  cell,  which  varies  with  the  illumination.  If, 
therefore,  the  selenium  cell  happens  to  be  upon  a light  stripe  of  the  screen  j,  its 
resistance  will  be  least,  and  the  strength  of  current  greatest ; the  darkener  will, 
therefore,  place  itself  parallel  to  the  longitudinal  direction  of  the  hollow  space 
in  the  coil.  The  rays  of  light,  which  are  allowed  to  pass  freely,  then  fall  upon 
the  mirror  a,  and  are  thrown  from  there  upon  the  screen  s,  and  a light  stripe  will 
be  produced.  If  the  selenium  cell  is  moved  till  it  reaches  the  next  light  stripe, 
the  mirror  a will  again  produce  a light  stripe  upon  screen  s;  the  position  of  the 
light  stripes  upon  s will  have  to  correspond  to  those  with  s,  because  the  selenium 
cell  D and  the  mirror  a,  fastened  upon  h b,  are  moved  in  the  same  manner.  As 
often  as  the  selenium  cell  reaches  a dark  stripe  its  resistance  becomes  highest, 
therefo  e the  strength  in  the  coil  lowest.  The  darkener  then  places  itself  cross- 
wise, and  allows  no  rays  of  light  to  fall  upon  the  mirror  a ; the  screen  s,  therefore, 
will  also  remain  dark.  By  moving  then  the  selenium  cell  d over  the  picture  on 
the  screen  s,  corresponding  pictures  might  be  produced  on  the  screen  s,  A 
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faithful  copy  of  the  image  of  s will  be  produced  on  s,  when  the  selenium  cell 
is  moved  so  quickly  that  the  produced  light  stripes  on  s succeed  each  other 
at  shorter  intervals  than  those  required  by  the  human  eye  to  perceive  the 
several  pictures  separately.  The  image  of  the  second  and  third  light  stripes  will 
be  already  on  the  screen,  while  the  impression  of  the  first  remains  still  on  the 
retina. 

It  need  hardly  be  said  that  the  synchronous  motion  of  mirror  a and  selenium 
cell  D would  have  to  be  brought  about  by  other  means  than  a string,  as  in  the 
model ; for  this  purpose  the  phonic  wheel  might  be  used,  for  instance.  For 
the  reproduction  of  a larger  picture,  such  as  a skipping  girl,  a greater  number 
of  selenium  cells  are  required,  and  the  sources  of  light  have  to  be  arranged 
accordingly. 


Fig.  862.— Edison’s  Phonograph 

The  Phonograph. — We  shall  conclude  the  chapter  on  Telephony  with  the 
description  of  the  Phonograph,  not  that  electricity  is  in  any  way  concerned  in 
its  action,  but  because  of  its  close  relationship  with  the  telephone  ; and  because 
it  proves  that  the  oscillations  of  a tympanum,  like  the  disc  of  a telephone,  in 
one  direction  only,  are  capable  of  producing  all  the  effects  of  sound. 

The  phonograph  was  invented  by  Edison,  and  one  of  the  early  forms  which 
he  gave  to  it  is  shown  in  Fig.  862.  The  brass  cylinder  a is  fastened  upon 
a shaft,  one  end  of  which  has  a handle,  and  the  other  end  a heavy  fly- 
wheel G.  In  one  half  of  the  axis,  namely,  that  nearest  the  handle,  and  in  the 
brass  cylinder,  screws  are  cut,  the  threads  of  which  are  exactly  alike  that  is 
to  say,  the  threads  on  the  cylinder  are  exactly  of  the  same  breadth  as  those  ot 
the  shaft,  so  that  the  same  number  in  both  go  to  the  inch.  As  the  screw  axis 
lies  in  a female  screw  fastened  to  the  support,  when  the  handle  is  turned  the 
cylinder  wull  be  moved  in  the  direction  of  the  axis.  A movable  support  s 
is  placed  on  the  frame  of  this  apparatus,  which  carries  a mouthpiece  n with  a 
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membrane  M,  arranged  and  fastened  to  each  other,  as  m telephones.  The 
spring  / is  screwed  at  one  end  t to  the  support  s,  and  carries  at  its  free  end 
the  steel  pin  The  connection  of  this  elastic  pin  with  the  membrane  is 
brought  about  by  means  of  the  india-rubber  tube  c.  When  the  membrane  m 
is  made  to  vibrate  by  speaking  into  b,  s vibrates  in  the  same  manner.  To 
register  speech  with  this  apparatus  the  brass  cylinder  is  covered  with  tinfoil, 
or  a thin  copper  plate  j the  pin  j is  then  adjusted,  and  the  cylinder  made  to 
rotate,  whilst  at  the  same  time  words  are  spoken  into  the  mouthpiece.  The 
membrane,  and  with  it  the  pin,  begin  to  vibrate,  the  latter  tracing  signs 
upon  the  moving  tinfoil,  which  correspond  to  the  vibrations  produced  by 
speaking.  The  worms  of  the  cylinder  and  its  axis  being  alike,  the  pin  travels 
with  the  same  velocity  from  the  one  to  the  next  thread  as  the  cylinder,  by 
means  of  its  screw  axis,  moves  sideways.  If  the  phonograph  is  to  reproduce 
the  words  spoken,  the  pin  is  taken  off  and  the  cylinder  moved  back  until 
it  arrives  at  the  commencement  of  the  coil ; the  pin  is  then  again  placed  on 
the  cylinder,  and  the  latter  is  made  to  rotate  with  the  same  velocity  and  in 
the  same  direction  as  before.  The  effect  of  the  apparatus  is  increased  when 
the  funnel  f is  placed  upon  the  mouthpiece.  The  pin,  by  going  over 
the  signs  it  traced  before,  will  reproduce  the  spoken  words ; that  is  to  say, 
it  will  vibrate  again  as  it  did  when  words  were  spoken  in  the  mouthpiece, 
and  will  cause  the  membrane  to  vibrate.  The  membrane  reproduces  the 
words  audibly,  and  may  be  heard  in  every  part  of  a large  room. 

For  several  years  the  phonograph  retained  the  form  described  above,  in 
which  it  had  a very  limited  use,  and  was  more  a scientific  curiosity  than  an 
instrument  with  commercial  applications.  During  the  years  1885  to  1887, 
however,  Mr.  Chichester  A.  Bell,  Mr.  Sumner  Tainter,  and  Mr.  Edison  himself, 
all  attacked  the  problem  of  improving  the  instrument  so  as  to  adapt  it,  if  possible, 
to  some  useful  purposes.  The  greatest  improvement  was  suggested  by  Mr.  Bell, 
and  consisted  in  replacing  the  tinfoil  by  a cylindric  surface  of  wax,  made  either 
by  spreading  a layer  of  wax  on  a paper  cylinder,  or  by  using  a hollow  cylinder 
made  entirely  of  wax.  Thus  the  somewhat  imperfect  indentations  on  the 
tinfoil  are  replaced  by  a continuous  wavy  curve  impressed  on  the  wax,  and 
representing  much  more  truthfully  the  form  of  the  sound  waves. 

The  new  instrument  produced  by  Messrs.  Bell  and  Tainter  was  for  some 
time  known  as  the  “ graphophone,”  to  distinguish  it  from  Mr.  Edison’s  improved 
phonograph.  But  so  intricate  were  the  legal  complications  of  various  patents, 
that  it  was  found  advisable  to  amalgamate  the  companies  manufacturing  the  two 
instruments,  and  the  phonograph  of  to-day  embodies  the  best  improvements 
and  experience  of  the  above  and  other  inventors.  Fig.  863  shows  a grapho- 
phone  when  receiving  the  record.  The  wax  used  is  a compound  of  bees’-wax 
and  paraffin,  and  the  stylus  used  is  a cutting  instrument  which  engraves  the 
record  on  the  wax  instead  of  simply  indenting  the  latter ; this  necessitates  the 
use  of  a different  or  rubbing  stylus  for  reproducing  the  sounds,  and  in  all  the 
modern  instruments  the  recording  and  reproducing  styluses  differ  from  one 
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another.  In  the  figure  tlie  rotating  cylinder  is  driven  by  a treadle  similar  to  an 
ordinary  sewing-machine  treadle,  so  constructed  that  the  cylinder  rotates  at  a 
uniform  speed  whatever  the  speed  of  the  fly-wheel  above  a certain  lower  limit 
In  some  machines  the  driving  power  is  a small  electric  motor  actuated  by  the 
current  from  a single  bichromate  cell.  Other  methods  can  also  be  used,  the 
power  required  being  less  than  that  necessary  for  an  ordinary  sewing-machine. 

'Ihe  cutting  stylus  is  carried  by  a diaphragm,  which  closes  a chamber  into 


Fig  S63. — The  Graphophone  receiving  a Record. 


which  the  sound  waves  are  conveyed  by  an  ordinary  speaking-tube.  The  dia- 
phragm is  carried  along  as  the  cylinder  rotates,  and  thus  a sjjiral  and  wavy  line 
is  traced  on  the  surface  of  the  latter.  This  line  is  only  wide, 

so  that  there  are  about  160  grooves  cut  on  one  inch  in  length  of  the  cylinder. 
According  to  the  speed,  a cylinder  6 inches  long  and  1^  inches  in  diameter  can 
receive  from  1,000  to  1,700  words  spoken  at  the  rate  of  150  per  minute. 

One  great  advantage  of  the  new  instruments  is  that  the  cylinders,  with  their^ 
records,  called  phonograms,  can  be  removed  from  the  machine,  and  can  be  sent, 
in  suitable  bo.'tes,  by  post  to  a correspondent.  As  a six-inch  cylinder  weighs  less 
than  half  an  ounce,  it  can  be  transmitted  at  the  letter  rate  of  postage.  On 
receipt,  the  phonogram  is  to  be  jilaced  in  the  correspondent  s machine 
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and  spun,  and,  on  applying  tlie  reading  stylus,  the  message  is  audibly  re- 

^ The  reading  stylus  is  shown  in  use  in  Fig.  864.  It  has  attached  to  it  a 
tube  dividing  into  two  branches,  the  ends  of  which  terminate  in  ebonite  or  glass 
tubes,  which  are  to  be  inserted  in  the  ears.  If  more  than  one  person  desires  to 
hear  the  message  at  the  same  time,  it  is  only  necessary  to  multiply  the  number 
of  branches.  The  figure  shows  the  listener  in  the  act  of  reproducing  the  message 
on  a type-writer.  To  do  this,  it  must  be  possible  to  stop  and  restart  the 


Fig.  S64. — Type-writing  from  a Phonogram. 


machine  from  time  to  time,  operations  which  are  easily  accomplished  by  pressing 
one  or  other  of  two  small  levers  on  the  table.  The  cylinder  can  be  used  over 
and  over  again  to  repeat  its  message  many  times  before  the  articulation  gets 
indistinct.  In  both  figures  a box,  containing  spare  wax  cylinders,  is  shown 
resting  at  the  back  of  the  open  lid  ; the  operation  of  changing  on’e  cylinder  for 
another  only  occupies  a few  seconds. 

It  is  doubtful  whether,  even  in  its  improved  form,  the  phonograph  will  be- 
come as  widely  used  as  its  inventor  imagined.  There  are,  however,  many  ways, 
most  of  them  not  very  important,  in  which  a use  is  being  found  for  it ; these  are 
sufficient  to  ensure  the  manufacture  of  a fair  number  of  instruments.  One  of 
the  latest  consists  in  providing  music  for  individual  listeners  in  public  places,  the 
machinery  being  set  in  motion  by  a penny  in  the  slot. 
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THE  ELECTRIC  TELEGRAPH. 

History  of  Telegraphy. — Experiments  in  telegraphy  were  made  as  far 
back  as  the  year  1753,  when  it  was  proposed  to  represent  letters  by  com- 
binations of  sparks,  etc. ; but  these  were  of  little  practical  value  before  the 
discovery  of  the  galvanic  current. 

The  earliest  proposal  to  use  the  transmission  of  electricity  for  the  communi- 
cation of  signals  appears  in  the  Sco^s  Magazine  for  February,  1753,  where  a cor- 
respondent from  Renfrew,  who  signs  himself  C.  M.,  proposes  several  kinds  of 
telegraphs  acting  by  the  attractive  power  of  electricity,  conveyed  by  a series  of 
parallel  wires,  corresponding  in  number  to  the  letters  of  the  alphabet,  and 
insulated  by  supports  of  glass  or  jewellers’  cement  at  every  twenty  yards.  Words 
were  to  be  spelt  by  the  electricity  attracting  letters,  or  by  striking  bells  cor- 
responding to  letters.  One  Le  Sage,  of  Geneva,  in  1782,  proj^osed  to  convey 
twenty-four  insulated  wires  in  a subterranean  tube,  and  to  indicate  the  letters 
of  the  alphabet  by  means  of  the  attraction  of  light  bodies.  In  1811  Summering 
suggested  a similar  application  of  voltaic  electricity,  chemical  decomposition 
being  the  effect  observed  ; and  as,  to  a certain  extent,  he  carried  his  suggestion 
into  effect,  he  is  sometimes  regarded  as  the  first  who  made  a practical  telegraph. 

Samuel  Thomas  Sommering  was  born  in  1755,  at  Thorn,  studied  medicine 
at  Gottingen,  and  became  Professor  of  Anatomy  at  Kassel.  His  many  and 
valuable  investigations  give  him  a place  among  the  first  of  German  anato- 
mists. Sommering  was  led  by  a suggestion  of  the  Minister  Montgelas  to 
use  the  galvanic  current  in  telegraphy  in  the  following  manner : — When 
the  Austrian  troops  crossed  the  Inn,  1809,  and  entered  Bavaria,  King  Maxi- 
milian fled,  in  company  with  Montgelas,  to  Dillingen ; here  he  was  sur- 
prised by  the  unexpected  arrival  of  Napoleon.  At  this  time  Chappe’s  optical 
telegraph  was  used  in  France,  and  through  it  Napoleon  had  obtained  the  news 
of  the  crossing  of  the  Austrians  sooner  than  had  been  expected,  and  the 
consequence  was  that  Munich,  which  had  been  taken  on  the  i6th  of  April, 
was  retaken  by  Napoleon  on  the  22nd  of  April,  so  that  Maximilian  was 
able  to  return  to  his  capital  the  same  month.  The  prominent  part  which 
the  method  of  signalling  had  played  in  this  important  event,  caused  Montgelas 
to  ask  the  Av-ademy  to  lay  proposals  before  him  for  a system  of  telegraphy. 
Although  Montgelas  can  only  have  had  in  mind  the  optical  telegraph,  Sommering 
conceived  the  notion  of  making  use  of  the  electrolysis  of  water  by  the  galvanic 
current  for  this  purpose.  His  experiments  commenced  on  July  8th,  1809. 
On  the  6th  of  August  he  telegraphed  through  a length  of  wire  of  724  feet, 
and  on  the  i8th  of  August  through  a wire  2,000  feet  long.  His  apparatus 
is  shown  in  Fig.  865.  It  contained  twenty-seven  wires  for  the  twenty-five 
letters,  together  with  stop  and  repeating  signs.  These  wires  were  covered 
with  an  insulating  substance,  and  twisted  so  as  to  form  a cable.  One  end  of 
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each  wire  ended  in  a gold  pin,  which  was  cemented  in  the  bottom  of  a 

rectangular  flat  glass  box  filled  with  water ; the  other  end  was  connected  with 
a frame  containing  twenty-seven  connecting  pivots,  each  of  which  was  lettered. 
A voltaic  pile,  consisting  of  fifteen  Brabant  thalers,  zinc  discs,  and  felt  im- 
pregnated with  a solution  of  ordinary  salt,  was  used  as  a battery.  The  poles 

of  this  battery  ended  in  plugs,  which  were  inserted  in  two  holes  of  the 

pivots,  and  hydrogen  and  oxygen  were  then  evolved  at  the  corresponding 

gold  pins,  and  by  seeing  at  which  pole  the  gas  was  produced  the  observer  told 


Fig-  865. — Sommering’s  Telegraph. 


which  letter  it  was  intended  to  signal.  Sommering  further  combined  with  this 
apparatus  an  alarm,  as  shown  in  the  figure.  A spoon-shaped  glass  vessel, 
placed  so  as  to  catch  the  escaping  H and  O of  two  gold  pins,  was  connected 
VI  an  aiigular  lever ; the  horizontal  arm  of  the  lever  reaching  out  of  the  glass 
box  loosely  supported  a leaden  ball.  When  the  evolution  of  gas  commenced 
he  spoon  was  raised,  and  the  protruding  arm  of  the  lever  was  lowered,  and  the 
whirh  to  fall  through  a glass  funnel  upon  the  lever  of  a clock, 

bell  ring.  Sommering’s  apparatus  was  'never  applied  to 

practical  use. 

""^snetic  needle  through  the  action  of  an 
isin  I current  became  known,  and  Ampbre,  in  1820,  and  Fechner,  m 

9,  ^^o'^ed  how  to  make  use  of  this  fact  for  telegraphic  purposes.  Ampere’s 
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plan  was  to  use  thirty  needles  and  sixty  wires  ; Fechner’s,  twenty-four  needles  and 
forty-eight  wires;  for  at  first  it  was  supposed  that  there  must  be  a separate 
needle  for  each  letter  or  sign  signalled ; these  proposals,  however,  came  to  no 
practical  results. 

Baron  Schilling  constructed  an  electro-magnetic  telegraph  in  1832,  by  making 
use  of  the  multiplier  devised  by  S.  Ch.  Schweigger ; but  the  first  electro-magnetic 
telegraph  of  which  practical  use  was  made,  was  the  telegraph  constructed  by 
Gauss  and  Weber  at  Gbttingen,  in  1833,  with  a line  of  3,000  feet 


Fig.  866. — Gauss  and  Weber’s  Telegraph. 

Johann  Carl  Friedrich  Gauss  was  born  in  1777  at  Brunswick;  he  studied  i 
at  Gottingen,  and  was  a pupil  of  T.  F.  Pfaff.  In  1807  he  was  appointe  i 
Professor  and  Director  of  the  Observatory  at  Gottingen.  Wilhelm  Edw^d  s 
Weber  was  born  in  1804,  at  Wittenberg.  He  studied  at  Halle,  and  published  ; 
in  1825,  jointlv  with  his  brother,  Ernst  Heinrich,  his  classical  work.  Die  Wellm-  • 
lehre.  He  was  introduced  to  Gauss  by  A.  v.  Humboldt,  and  through  his  1 
influence  obtained  the  post  of  Professor  of  Physics  at  Gottingen. 

Their  original  apparatus  was  sent  to  the  Exhibition  at  Paris  m 1881,  and  . 
nas  been  described  in  La  Lumiere  Alectrique  (vol.  viii.).  It  is  represented  m • 
Fig  866  BB  is  a galvanometer  frame  in  which  the  magnet  a,  397 
length,  is  suspended  by  means  of  a silk  thread,  and  carries  a small 
The  sender  consisted  at  first  of  a simple  galvanic  battery,  for  which 
induction  apparatus  shown  in  Fig.  867  was  afterwards  substituted.  Two  large  . 
magnets  a,  each  weighing  25  pounds,  were  arranged  vertically  upon  a In 
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so  that  their  north  poles  projected  above  the  frame.  The  induction  coil  b was 
placed  loosely  about  the  middle  of  the  magnets  so  that  it  could  be  moved  freely 
by  means  of  handles.  The  ends  of  the  coil  b were  connected  with  the  coil 
in  the  galvanometer  frame.  A quick  motion  of  the  coil  generated  an  induced 
current,  which  reached  the  galvanometer  frame  through  the  wires,  and  caused 
the  magnetic  rod  to  be  deflected.  The  direction  of  deviation  was  determined 
by  the  direction  in  which  the  coil  was  moved,  and  it  is  evident  that  by  combi- 
nations of  these  deflections  a whole  alphabet  could  be  formed.  To  simplify 
the  manipulations,  a double  lever  l was  added, 
which  moved  a commutator  as  well  as  the  coil. 

The  call  signal  was  given  by  means  of  a bell  and 
clockwork. 

Although  Messrs.  Gauss  and  Weber’s  commu- 
nication of  signals  at  Gottingen  in  1833  was  the 
first  accomplishment  of  telegraphic  communica- 
tion by  means  of  electricity,  and  realised  the 
fimcy  of  Strada,  quoted  by  Addison,  of  sympa- 
thetic magnets,  yet  their  invention  was  regarded 
merely  as  an  appendage  to  a magnetic  observatory, 

^nd  several  years  elapsed  before  we  hear  more 
of  the  new  invention.  The  year  1837  is  the  date 
of  the  realised  electric  telegraph.  We  find  three 
distinct  claimants,  of  v/hose  independent  merits 
there  is  no  reason  whatever  to  doubt,  though 
how  much  of  the  merit  of  all  must  be  considered 
due  to  Messrs.  Gauss  and  Weber,  who  first  made 
the  experiment  described  above,  though  they  did 
not  offer  it  for  general  adoption  in  a convenient 
form,  is  a matter  which  we  need  not  here  attempt 
to  decide.  The  three  independent  inventors  are 
Carl  August  von  Steinheil,  of  Munich,  who  had  been  a pupil  of  Messrs.  Gauss 
and  Weber ; Sir  Charles  Wheatstone ; and  Mr.  Morse,  of  the  United  States. 
The  telegraph  of  the  two  last  resembles  in  principle  Oersted’s  and  Gauss’s  ; 
that  of  the  first  is  entirely  original,  and  consists  in  making  a ribbon  of  paper 
move  by  clockwork,  whilst  interrupted  marks  are  impressed  upon  it  by  a pen 
or  stamp  of  some  kind  brought  in  contact  with  the  ribbon  by  the  attraction  of 
a temporary  magnet,  which  is  excited  by  the  circulation  of  the  telegraphic 
current  of  electricity.  In  the  telegraph  of  Wheatstone,  the  needle  moves 
only  to  the  right  or  left,  and  by  the  combination  of  a certain  number  of 
right  and  left  motions,  either  with  one  or  two  independent  needles  acted  on 
at  once  by  distinct  currents,  the  alphabet  is  easily,  though  somewhat  tediously 
constructed. 

It  thus  appears  that  we  cannot  claim  the  exclusive  invention  of  electric 
telegraphy  for  any  one  individual.  But  of  the  several  inventors  none  probably 
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showed  such  perseverance  and  skill  in  overcoming  difficulties  as  Wheat- 
stone. His  telegraph,  accordingly,  was  in  general  use  in  England  before  Von 
Steinheil  was  able  to  obtain  a similar  success  in  Germany.  The  telegraplis 
of  Mr.  Morse  have  this  inestimable  advantage,  that  they  preserve  a perma- 
nent record  of  the  despatches  which  they  convey.  We  will  now  examine 
the  points  of  difference  of  the  earliest  instruments  of  these  several  inventors 
more  in  detail. 

Carl  August  von  Steinheil  was  born  in  i8oi ; he  studied  science  first  at 
Gottingen  under  Gauss,  and  then  at  Konigsberg.  He  was  appointed  in  1835 
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Kig.  868. — Steinheil’s  Telegrapn. 


Professor  of  Physics  and  Mathematics  at  Munich.  In  1849  he  was  invited  to 
Vienna  by  the  Austrian  Government,  to  superintend  the  establishment  of  tele- 
graphic communications,  and  there  he  prepared  a complete  telegraph  system 
for  the  different  provinces  of  the  empire.  When  he  returned  to  Munich,  m 
response  to  the  wishes  of  the  King  Maximilian  II.,  he  founded  in  1854  the 
optical  and  astronomical  laboratories  which  have  since  become  so  famous, 
and  became  a member  of  many  different  scientific  societies.  He  died  in  1S70. 

Steinheil  undertook  the  further  perfection  of  the  Gauss-Weber  tele^ph, 
and  in  his  hands  the  apparatus  became  the  first  writing  telegraph,  which  is 
shown  in  Fig.  868  {^La  Lumilre  Alectrique).  The  sending  apparatus  consists 
of  a kind  of  Pixii’s  machine  (which  may  be  seen  on  the  right  in  the  figure, 
where  a portion  of  the  case  is  removed  for  the  purpose).  In  this  generatoi 
the  induction  coils  can  be  moved  past  the  magnet-poles  by  means  of  a 
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horizontal  lever  weighted  with  balls.  The  induced  currents  thus  obtained 
receive  the  one  or  the  other  direction,  according  to  the  direction  in  which  the 
coils  are  moved.  The  receiving  apparatus  consists  of  a galvanometer  frame  a, 
in  which  there  are  two  magnetic  needles,  which  turn  about  the  vertical  axes  a a'- 
Flach  has  a colour-pot,  or  small  ink-holder,  and  a small  brass  adjustment,  and 
is  held  in  a certain  position  by  a controlling  magnet.  When  a current  flows  in 
one  direction  through  the  coil,  the  brass  adjustment  of  one  of  the  needles  strikes 
against  a bell ; if  the  current  flows  in  the  other  direction,  the  brass  piece  of  the 
second  needle  strikes  against  the  second  bell.  In  the  same  manner  a current 
of  one  direction  passes  the  ink-holder  of  one  needle,  and  a current  of  the 
other  direction  the  ink-holder  of  the  second  needle,  against  a paper  strip  r, 
which  by  means  of  some  wheelwork  is  moved  with  uniform  velocity  past  the 
two  holders.  The  bells  are  not  drawn  in  the  figure.  When  the  bells  are 
used  the  alphabet  is  formed  by  a combination  of  strokes ; when  the  ink-holders 
are  used,  by  combinations  of  points ; as  for  instance  s = . . • t = : , e = . , 
11  — . and  so  on.  The  two  alarms  b and  c,  also  shown  in  the  figure,  consist 
simply  of  a coil  in  which  a magnet  swings  about  a vertical  or  horizontal  axis, 
and  strikes  against  a bell.  Steinheil  used  this  instrument  for  corresponding 
between  the  Observatory  at  Bogenhausen  and  his  private  residence  at  Munich, 
the  total  length  of  the  wire  being  37,500  feet. 

Steinheil  it  was  who  further  discovered  the  possibility  of  conveying  the 
returning  electric  current  back  through  the  earth,  a discovery  which  was  of  the 
greatest  utility  in  the  further  development  of  telegraphy : indeed,  no  discovery 
is  perhaps  more  deserving  of  notice  on  account  of  its  importance,  than  this  of 
the  apparently  infinite  conducting  power  of  the  earth,  when  made  to  act  as 
the  vehicle  of  the  return  current.  Setting  all  theory  aside,  it  is  an  unques- 
tionable fact  that  if  a telegraphic  communication  be  made,  suppose  from 
London  to  Brighton,  by  means  of  a wire  going  thither,  passing  through  a 
galvanometer,  and  then  returning,  the  strength  of  the  current  shown  by 
the  galvanometer  at  Brighton  will  be  almost  exactly  doubled  if,  instead  of 
the  return  wire,  we  establish  a good  communication  between  the  ends  of  the 
conducting  wire  and  the  mass  of  the  earth  at  Brighton  and  London.  The  whole 
resistance  of  the  return  wire  is  at  once  dispensed  with.  The  fact  was  more  than 
suspected  by  Steinheil  in  1838;  but,  from  some  cause  or  other,  it  obtained 
little  publicity ; nor  does  the  author  appear  to  have  exerted  himself  to  remove 
the  reasonable  prejudices  with  which  so  singular  a paradox  was  naturally  received 
A most  ingenious  inventor,  Mr.  Bain,  whose  chemical  telegraph  we  shall  describe, 
independently  discovered  the  principle,  and  proclaimed  its  application  somewhat 
later,  and  in  1843  perhaps  the  first  entirely  convincing  experiments  were  made 
y M.  Matteucci,  at  Pisa.  From  this  time  the  double  wire  required  to  move 
the  needle  telegraph  was  reduced  to  a single  one.  The  explanation  of  this 
curious  fact  appears  to  be,  not  that  the  electricity  is  conducted  back  by  the 
earth  to  its  origin  at  the  battery,  but  that  the  molecular  disturbance  commu- 
nicated along  the  conducting  wire,  in  consequence  of  the  difference  of  potential 
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produced  by  the  battery  being  effectually  relieved  by  perfect  communication 
with  a vast  reservoir  of  zero  potential  and  infinite  capacity  like  the  earth, 
proceeds  in  an  uninterrupted  manner,  and  to  an  unlimited  extent.* 

Meanwhile  the  needle  telegraph  had  undergone  some  further  modifications. 
William  Fothergill  Cooke,  who  had  seen  Schilling’s  apparatus  in  1836  at  Pro- 
fessor Munke’s  house  in  Heidelberg,  copied  it,  and  brought  it  to  England. 
Intent  on  improving  the  apparatus,  he  joined  Wheatstone,  and  together  they 
constructed  a needle  apparatus  with  four,  and  another  with  five  needles.  The  latter 


Fig.  869. — Cooke  and  Wheatstone’s  Five-Needle  Telegraph. 


is  represented  in  Fig.  869.  The  signs  were  given  by  the  deviation  of  two 
needles  at  the  same  time.  As  may  be  seen  from  the  drawing,  twenty  different 
signs  could  be  given  by  the  apparatus.  The  possibility  of  long  distance 
telegraphy  was  much  advanced  about  this  time  by  the  discovery  of  Henry,  that 
a weak  current  circulating  many  times  round  the  core  of  an  electro-magnet  can 
produce  the  same  magnetic  effect  as  a strong  current  passing  a few  times  round 
the  same  core.  Cooke  and  Wheatstone  took  out  their  first  patent  in  1837.  A 
local  circuit  was  used  for  working  the  alarm,  this  being  the  first  application  of  a 
transmission  apparatus,  the  so-called  relay.  By  inventing  the  relay,  Wheatstone 
made  it  possible  to  telegraph  on  long  lines  with  much  weaker  currents.  The 


* Mathematical  calculation  based  on  Ohm’s  law,  however,  shows  that  if  the  conductor  be 
infinitely  extended  the  resistance  between  any  two  points  in  it  depends  on  the  size  of  the  electrodes 
and  not  on  the  distance  between  them. — R.  M.  W. 
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relay  was  first  used  with  the  alarm  only,  in  the_  form  shown  m ig.  7°- 
The^current  going  through  1 1'  passes  the  coil  M,  disturbing  the  equilibrium  o 
the  magnetic  needle,  movable  about  the  axis  and  causmg  the  lever  a ^ 
to  lower  its  end  and  to  dip  into  the  mercury  cup,  closing  the  circuit  of 
the  local  battery  b and  the  magnet  e,  and  causing  the  pm  s to  strike  the 


The  first  experiment  with  this  five-needle  apparatus  was  made  at  the  Nort  - 
Western  Station  with  a wire  of  mile.  In  1840  the  Great  Western  Com- 
pany constructed  a line  39  miles  long,  but  did  not  extend  the  line  any  farther 
on  account  of  the  expense. 

The  first  pointer  telegraph  which  worked  well  was  that  invented  by  Wheat- 
stone in  1839,  and  is  represented  in  Fig.  871.  The  sender  here  consists  of 


a ratchet  wheel  k.  The  springs  n n'  are  so  arranged  that  when  one  spring 
makes  contact  with  a tooth,  the  other  spring  will  stand  between  two  teeth. 
The  negative  pole  of  the  battery  is  connected  with  the  metal  mass  of  the  wheel, 
and  the  current  flows  from  the  positive  pole  to  the  receiving  station.  The 
receiving  apparatus  consists  of  the  two  electro-magnets  e e-^  with  the  two  arma- 
tures a a and  the  clockwork  u,  whose  pointer  z moves  over  the  different  signs, 
the  clockwork  being  put  in  motion  by  the  weight  G.  The  wire  -f  / of  the 
sending  station  leads  to  the  clamp  k of  the  receiving  station  ; clamps  and 
of  the  receiving  station  are  connected  with  the  springs  n n' ; when  the  wheel  K 
is  moved  the  battery  current  will  alternately  flow  through  the  electro-magnets 
€ and  passing  through  the  electro-magnet  e when  the  spring  n rests  upon  a 
tooth,  as  shown  in  the  figure,  and  through  the  electro-magnet  when  the 
spring  «'  comes  to  rest  upon  a tooth.  Owing  to  the  alternate  excitement  of 
the  two  electro-magnets,  an  alternate  attraction  of  the  armatures  a a will  take 
place,  and,  therefore,  a swinging  backward  and  forward  of  the  escapement. 

Of  all  the  many  forms  of  telegraph  apparatus  none  has  been  more  ex- 
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tensively  employed  than  the  one  devised  by  Morse ; but  although  he  haa 
done  much  for  telegraphy,  the  actual  invention  of  the  apparatus  thaf  beLs  h^ 
name  was  probably  suggested  to  him  by  experiments  made  by  others;  this  may 
be  proved  by  the  following  sketch  of  Morse’s  labours  and  life  taken  from 
J.  Hamel  s Entstehung  der  Galvanischen  und  ElektromagneMen  Telegraphic  ■— 
Samuel  Finley  Breese  Morse  was  born  in  1791,  at  Charleston,  wher^  until 
e reached  the  age  of  forty,  he  devoted  his  time  to  painting.  He  visited 
Europe  twice,  in  x8ii-x8xs,  and  in  X829-X832.  On  his  return  voyage  to 
America  he  made  the  acquaintance  of  Professor  Charles  V.  Jackson,  of  Boston 
and  on  board  ship  Morse  saw  Jackson’s  experiments  in  electricity,  which 


suggested  to  him  the  possibility  of  using  electricity  for  signalling.  When  he 
returned  to  America,  Morse  again  for  a tinie  devoted  himself  to  painting.  In 
November,  X835,  be  resumed  his  telegraphic  experiments,  but  obtained  no 
results  of  any  value  because  of  his  lack  of  knowledge  of  the  subject.  In  X836 
he  received  several  hints  from  a professor  of  chemistry,  Leonard  Gale,  who 
afterwards  became  Morse’s  partner. 

In  X837  an  apparatus  was  constructed  which  made  the  electric  transmission 
of  signs  by  combinations  of  two  simple  motions  possible,  nine  signs  being 
used  to  represent  the  figures  x — 9.  Fig.  872  represents  Morse’s  apparatus  for 
the  transmission  of  these  nine  numbers.  The  frame  is  vertically  fastened 
upon  a table,  and  carries  a kind  of  pendulum  0 b and  the  electro-magnet  e. 
Upon  the  pendulum  is  fastened  the  armature  of  the  electro-magnet,  which 
bears  a pencil  at  the  lower  end ; a paper  strip  passes  over  the  roller  R under- 
neath the  pencil,  and  is  kept  in  motion  by  means  of  the  clockwork  h and  the 
rollers  r r'.  When  the  pendulum  is  in  its  central  position  the  pencil  traces 
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lines  upon  the  paper  that  are  parallel  in  direction  to  the  length  of  the  strip ; 
when  the  armature  is  attracted  a slanting  line  is  traced  by  the  pencil,  and 
another  slanting  line  is  traced  when  the  magnet  lets  the  armature  go,  and  the 
pendulum  returns  to  its  original  position.  By  alternate  magnetisation  and 


Fig.  872. — Morse’s  First  Telegraph. 


demagnetisation  V-shaped  lines  are  formed.  One  V indicates  the  figure  i ; 
two  V’s  the  figure  2 ; and  so  on.  These  deflections  of  the  pencil  are  produced 
in  the  following  manner  : The  lever  l of  the  sender  has  the  weight  n placed 
at  one  end,  and  under  this  a pin ; at  the  other  end  a bent  wire  is  arranged, 
which,  when  dipping  into  the  mercury  cups  v,  connects  them  with  each  other, 
and  by  doing  so  closes  the  circuit  of  the  battery  p and  electro-magnet  e.  The 
types  are  placed  in  the  wooden  frame  a.  When  a is  made  to  move  under  the 
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lever  n,  the  lever  will  close  the  circuit  as  often  as  the  edges  of  the  lead  types 
raise  the  lever-end  n.  T.  he  pencil  at  b will,  therefore,  make  corresponding 
signs  on  the  paper  strip.  About  the  time  when  this  apparatus  was  constructed, 
Morse  made  the  acquaintance  of  Alfred  Bail,  who  aided  him  greatly,  and 
afterwards  became  one  of  his  partners.  The  experiment  succeeded  for 
the  first  time  on  the  4th  September,  1837.  The  signs  obtained  were  those 
shown  in  Fig.  873  which  correspond  to  the  numbers,  215,  36,  2,  58,  112, 
04,  and  01837,  which,  according  to  the  telegraphic  dictionary,  gave  the  words, 
“Successful  attempt  with  telegraph,  September  4,  1837.”  Morse’s  apparatus 
became  known  to  Francis  O.  T.  Smith,  a member  of  Congress,  and  through 
his  aid  Morse  was  enabled  to  make  a journey  to  London  and  Paris,  which, 
however,  proved  fruitless  as  regards  the  finding  of  means  to  give  effect  to 
his  invention.  When  he  returned  to  New  York  (1839)  Morse  again  took 
to  painting,  and  afterwards  to  daguerreOtyping,  in  order  to  maintain  himself. 
In  1843  Congress  voted  the  sum  of  30,000  dollars  for  the  construction  of  a trial 
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Fig.  873. — Morse’s  Writing. 

line,  and,  as  a consequence  of  this  grant,  the  first  line  in  America  of  40  miles 
was  tried  for  the  first  time  in  1844,  between  Washington  and  Baltimore. 

Morse’s  apparatus  had,  meanwhile,  undergone  many  modifications,  so  that  by 
this  date  it  closely  resembled  the  form  now  usually  employed.  From  that 
period  the  Morse  apparatus  had  a large  demand,  and  in  a very  short  time 
became  widely  if  not  generally  used.  Morse  became  electrician  of  the  New 
York  and  Newfoundland  Telegraph  Company,  and  also  of  the  New  York, 
Newfoundland,  and  London  Telegraph  Company,  and  about  the  same  time  he 
was  further  appointed  Professor  of  Natural  History  at  Yale  College,  New  Haven. 
In  1857  he  received  a present  from  ten  European  States  of  400,000  francs, 
as  an  acknowledgment  of  his  international  services.  Two  monuments  were 
erected  to  him  in  New  York — one  in  1871,  the  other  in  1872,  the  year  of  his 
death. 

The  Morse  instrument,  which  has  been  greatly  improved  in  Europe,  is  equalled 
if  not  surpassed  in  usefulness  by  Hughes’  printing  instrument.  This  and  the 
Morse  apparatus  have  been  declared  by  the  International  Telegraph  Congress 
to  be  the  only  exclusively  reliable  instruments  for  the  international  telegraph 
service.  The  first  printing  telegraph  instrument,  however,  was  constructed 
by  the  American,  Bail,  in  1837.  Bain  followed  in  1840,  and  Wheatstone  in 
1841.  David  Edwin  Hughes  was  born  in  London,  in  1831,  but  emigrated 
with  his  father  to  Virginia  in  1838,  where  he  was  appointed  Professor  of 
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Music  at  the  High  School,  Barnstown.  Here  he  studied  natural  science 
with  such  success  that  after  some  time  the  professorship  was  offered  to  him. 
He  devoted  his  time  for  some  years  to  the  construction  of  a type-printing 
telegraph  apparatus,  which  he  completed  in  1853.  A society  in  New 
York  was  formed,  which  undertook  the  introduction  of  the  printing  apparatus 
in  America,  whilst  Hughes  himself  went  to  Europe  for  the  purpose  of 
making  his  instrument  known.  He  met  with  no  success  in  England,  but 
was  able  to  introduce  the  instrument  into  France,  whence  it  very  soon  reached 
other  countries.  The  chemical  telegraph,  which  had  been  first  constructed 
by  Sdmmering,  was  so  much  improved  in  the  course  of  a few  years  that  it 
was  of  practical  use  to  Bain  in  1842.  The  principle  consists  in  causing  the 
eud  of  the  wire  of  the  receiving  station  to  move  over  a paper  soaked  in  a 
solution  that  will  be  decomposed  when  a current  flows  through  the  wire, 
and  regulating  the  flow  of  current  from  the  sending  station,  so  that  the 
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Fig.  874.  —Bain’s  Chemical  Telegraph. 


decomposition  and  consequent  colouring  of  the  paper  appear  as  written  or 
printed  letters.  The  word  to  be  telegraphed  is  compounded  of  large  simple 
metal  letters,  as  shown  in  Fig.  874;  these  are  connected  with  the  positive 
pole  of  a battery,  the  negative  pole  of  which  reaches  the  earth.  A metal 
plate,  which  is  connected  to  earth,  and  upon  which  the  paper  containing  the  salt 
solution  to  be  decomposed  is  laid,  is  arranged  at  the  receiving  station.  The 
brush  b at  the  sending  station,  which  consists  of  five  metal  springs,  is  con- 
nected by  means  ot  the  cable  k k'  with  a similar  brush  b'  at  the  receiving 
station,  so  that  the  first  spring  of  b is  connected  with  the  first  spring  b',  and 
so  on.  If  the  brush  b is  moved  over  the  metal  letters,  and  the  brush  b'  is 
moved  at  the  same  time  and  with  the  same  velocity  over  the  prepared  paper 
on  the  metal  plate,  a circuit  is  closed  as  often  as  a spring  of  the  brush  b comes 
in  contact  with  the  metal  letters,  and  consequently  a current  flows  through  the 
swings  of  the  two  brushes,  which  decomposes  the  salt  solution  and  leaves  a 
visible  mark.  For  this  purpose  potassium  iodide  in  starch  may  be  taken. 
1 he  iodine  is  separated  out  by  the  current,  and  turns  the  starch  blue  or  violet, 
I?  colour  the  letters  appear.  The  chemical  telegraph  has  been  modified 
y tohrer,  Siemens,  Gintl,  and  others.  The  copying  telegraph  by  Bakewell  and 
fiiese'^*’  pantelegraph  by  Caselli  (1856),  may  be  classed  among 
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it  was  thought  possible  still  further  to  utilise  this  one  wire ; this  led-  to  the 
discovery  of  duplex  telegraphy  and  multiplex  telegraphy.  We  owe  the  invention 
of  the  duplex  system  and  the  first  practical  experiments  concerning  it  to 
Professor  F.  A.  Petrina  and  to  the  late  director  of  the  Austrian  Telegraph 
Service,  William  Gintl  (born  1804,  died  1883).  An  apparatus  constructed  by 
Gintl  was  used  in  these  experiments,  because  the  Morse  apparatus  offered 
difficulties.  In  1854,  Frischen  in  Hanover,  and  Siemens,  independently 
of  each  other,  invented  duplex  methods.  Maron  gave  a method  based  on 
the  principle  of  Wheatstone’s  bridge  in  1863.  A number  of  other  proposals 
were  made,  to  which  no  attention  was  paid  until  the  American  Stearns  pub- 
lished his  duplex  apparatus.  By  a duplex  method  of  sending  on  telegraphic 
lines  is  meant  the  transmission  of  telegraphic  signs  in  opposite  directions 
simultaneously  along  one  and  the  same  wire.  In  quadruplex  telegraphy  two 
messages  can  be  sent  simultaneously  in  each  direction  along  the  same  wire. 
Multiplex  telegraphy  has  for  its  object  the  sending  of  several  messages  in  one 
direction  along  the  same  wire  and  at  the  same  time.  If,  for  instance,  with  a single 
system,  eight  signs  can  be  given  in  one  second,  by  eight  currents  passing  during 
that  time  through  the  leads ; with  a multiplex  arrangement,  in  one  second  one 
hundred  and  more  currents  may  be  sent  through  the  leads,  which  proves  that  the 
wire  is  only  partly  utilised  when  worked  with  the  single  system.  Newton  gave  a 
method  for  the  better  utilisation  of  the  wires  as  early  as  1851,  and  Rouvier, 
Hughes,  and  others  followed  Newton’s  plan  more  or  less  closely.  Duplex 
systems  for  Morse  writing  have  been  devised  by  B.  Meyer  and  A.  E.  Granfield; 
multiplex  systems  for  the  Hughes  apparatus,  by  Baudot  and  Shaffler. 

Cable  Telegraphy. — Before  we  close  our  short  sketch  of  the  historical 
development  of  telegraphy,  we  may  make  a few  remarks  regarding  the  develop- 
ment of  cable  telegraphy.  As  early  as  1774,  when  it  was  proposed  to  employ 
frictional  electricity  for  telegraphical  purposes,  Le  Sage,  in  Geneva,  suggested 
the  construction  of  a conducting  cable ; for  this  purpose  glazed  earthenware 
tubes  were  to  be  furnished  with  partitions  of  the  same  material,  having  holes 
through  which  the  wires  were  to  be  taken.  The  telegraph  apparatus  consisted  of 
double  pith  ball  pendulums  for  each  letter.  In  1809,  Sommering  covered  the 
wire  with  a solution  of  caoutchouc,  in  order  to  convey  it  unhurt  through  water. 
In  1812  Schilling  succeeded  in  exploding  powder-mines  by  means  of  insulated 
wires  which  led  across  the  Neva.  Shortly  before  his  death  he  made  preparations 
to  connect  Cronstadt  with  Peterhof,  by  means  of  a cable  intended  to  be  sunk 
in  the  Gulf,  of  Finland.  Jacobi,  in  St.  Petersburg,  in  1842,  used  a speciaUy 
prepared  wire,  which  was  enclosed  in  glass-tubing,  and  then  embedded  in  fine 
sand.  With  the  introduction  of  gutta-percha,  in  1843,  a new  era  commenced  for 
the  construction  of  cables.  Siemens  used  gutta-percha  insulation  for  the  fi^ 
trial  line.  The  new  insulating  material  seemed  to  do  good  service,  and  Prussia, 
Austria,  and  Russia  at  once  used  it  for  their  under-ground  leads ; the  in- 
sulation of  the  leads,  however,  went  from  bad  to  worse,  so  that  the  Prussian 
Telegraph  Direction  in  1852  was  forced  to  discontinue  using  it.  In  1840 
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Wheatstone  proposed  to  connect  France  with  England  by  means  of  a cable.  In 
1842  Morse  made  successful  experiments  in  the  haven  of  New  York,  and  also 
warmly  advocated  the  cable  connection  of  America  with  Europe.  In  1845  Ezra 
Cornell  succeeded  in  connecting  Fort  Lee  with  New  York  (a  distance  of  twelve 
English  miles),  by  means  of  a cable  which  was  laid  in  the  Hudson ; this  cable 
did  good  service  till  1846,  when  it  was  destroyed  by  the  ice.  In  1850,  Dover 
and  Cape  Grisnez  were  connected  by  means  of  a cable,  which  lost  its  insulation 
the  day  after  it  had  been  laid  by  its  friction  against  the  rocks.  The  cable  laid 
in  1857,  by  the  Submarine  Telegraph  Company,  between  Dover  and  Calais, 
was  protected  by  a cover  of  iron  wire,  and  remained  in  use  until  1875.  The 
first  attempts  to  connect  England  with  Ireland  were  made  in  1852.  After  failing 
twice,  a cable  was  laid  between  Cagliari  and  Bona  in  i860. 

The  Atlantic  Cable. — Cyrus  Field  had  meanwhile  established  a company 
in  America  (in  1854),  which  had  obtained  the  right  of  landing  cables  in  New- 
foundland for  fifty  years.  Soundings  were  made  in  1856  between  Ireland  and 
Newfoundland,  showing  a 
maximum  depth  of  14,400 
feet.  Having  succeeded, 
after  several  attempts,  in 
laying  a cable  between  Nova 
Scotia  and  Newfoundland, 

Field  founded  the  Atlantic  875.— The  First  Atlantic  Cable. 

Telegraph  Company  in  Eng- 
land, which  decided  to  make  use  of  a cable  such  as  that  shown  in  Fig.  875. 
Each  of  the  seven  copper  wires  in  the  centre  had  a diameter  of  o’o3  inch,  and 
was  covered  by  three  layers  of  gutta-percha ; these  were  enclosed  in  a covering 
of  tarred  jute,  and  the  whole  was  covered  by  eighteen  cables,  each  consisting 
of  seven  iron  wires.  The  length  of  the  whole  cable  was  2,480  miles,  and  was 
carried  by  the  two  ships  Aga?nemnon  and  Niagara.  The  distance  betwee»i 
the  two  stations  on  the  coasts  was  1,640  miles.  The  laying  of  the  cable 
commenced  on  the  7th  of  August,  1857,  at  Valentia  (Ireland);  on  the  third 
day  the  cable  broke  at  a depth  of  12,000  feet,  and  the  expedition  had  to 
return.  A second  expedition  was  sent  in  1858  ; the  two  ships  met  each  other 
half-way ; the  ends  of  the  cable  were  joined,  and  the  lowering  of  it  com- 
.menced  in  both  directions ; 92  miles  were  thus  lowered,  when  a fault  in  the 
cable  was  discovered.  It  had,  therefore,  to  be  brought  on  board  again,  and 
was  broken  during  the  process.  After  it  had  been  repaired,  and  when  295 
miles  had  been  already  laid,  another  fault  was  discovered  which  caused  an- 
other breakage ; this  time  it  was  impossible  to  repair  it,  and  the  expedition  was 
again  unsuccessful,  and  had  to  return.  In  spite  of  the  repeated  failures,  two 
ships  were  again  sent  out  in  the  same  year,  and  this  time  one  end  of  the  cable 
was  landed  in  Ireland,  and  the  other  at  Newfoundland.  The  length  of  the  sunk 
cable  was  2,326  miles.  Field’s  first  telegram  was  sent  on  the  7th  of  August, 
from  America  to  Ireland.  The  insulation  of  the  cable,  however,  became  more 
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defective  every  day,  and  failed  altogether  on  the  ist  of  September.  From  the 
experience  obtained,  it  was  concluded  that  it  was  possible  to  lay  a trans- 
Atlantic  cable,  and  the  company,  after  consulting  a number  of  professional  men, 

again  set  to  work.  Of  the  samples  sent  in  by  the  dif- 
ferent makers,  that  of  the  firm  of  Glass,  Elliott  and  Com- 
pany was  considered  likely  to  answer  the  purpose  best, 
and  an  order  was  given  for  2,650  miles.  Fig.  876  shows 
the  different  parts  of  the  cable,  viz.  a copper  strand  of 
seven  wires,  a gutta-percha  envelope  consisting  of  four 
layers,  a cover  of  tarred  hemp,  and  an  outer  coating  of 
iron  wires  covered  with  hemp.  The  Great  Eastern  was 
employed  in  laying  this  cable.  This  ship,  which  was 
692  feet  long,  82  feet  broad,  and  52-5  feet  in  height, 
carried  a crew  of  500  men,  of  which  120  were  electricians 
and  engineers,  179  mechanics  and  stokers,  and  115  sailors. 
The  management  of  all  affairs  relating  to  the  laying  of 
the  cable  was  entrusted  to  Canning.  The  coast  cable 
was  laid  on  the  21st  of  July,  and  the  end  of  it  was  con- 
nected with  the  Atlantic  cable  on  the  23rd.  After  823 
miles  of  cable  had  been  laid,  a fault  was  discovered,  an 
iron  wire  was  found  stuck  right  across  the  cable,  and 
Canning  considered  the  mischief  to  have  been  done  with 
a malevolent  purpose.  On  the  2nd  of  August,  1,364 
miles  of  cable  were  sunk,  when  another  fault  was  dis- 
covered. While  the  cable  was  being  repaired  it  broke, 
and  attempts  to  recover  it  at  the  time  were  all  unsuccess- 
ful ; in  consequence  of  this  the  Great  Eastern  had  to 
return  without  having  completed  the  task. 

A new  company,  the  Anglo-American  Telegraph 
Company,  was  formed  in  1866,  and  at  once  entrusted 
Messrs.  Glass,  Elliott  and  Company  with  the  construc- 
tion of  a new  cable  of  1,860  miles.  Different  arrange- 
ments were  made  for  the  outer  envelope  of  the  cable, 
and  the  Great  Eastern  was  once  more  equipped  to  give 
effect  to  the  experiments  which  had  just  been  made.. 
The  new  expedition  was  not  only  to  lay  a new  cable, 
but  also  to  take  up  the  end  of  the  old  one,  and  join 
it  to  a new  piece,  and  thus  obtain  a second  telegraph  line.  The  sinking  again 
commenced  in  Ireland  on  the  13th  of  July,  1866,  and  it  was  finished  on  the 
27th.  On  the  4th  of  August,  1866,  the  Trans-Atlantic  Telegraph  Line  was  de- 
clared open. 

Since  then  other  Atlantic  cables  have  been  laid,  and  the  great  ocean  is  now 
spanned  by  no  fewer  than  ten  such  links  of  communication,  the  last  of  which 
was  successfully  deposited  in  1884.  Steamers  specially  constructed  are  now 
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employed,  as  far  less  expensive  than  the  Great  Eastern,  and  the  laying  of  the 
last  cable  occupied  no  more  than  twelve  days,  without  the  slightest  hitch  or 
interruption  from  beginning  to  end.  The  later  cables  do  not  differ  in  general 
construction  from  those  described  above ; but  improvements  in  details  have 
produced  greater  strength,  and  better  insulation  and  conductivity.  There  is 
now  no  practical  limit  to  the  length  of  cable  which  could  be  laid  if  required, 
beyond  the  contingencies  of  severe  weather. 


MODERN  TELEGRAPHY. 


The  above  historical  outline  will  enable  us  to  classify  the  various  systems 
that  are  at  present  in  use  for  the  transmission  of  telegraphic  signals.  These 
signals  are  of  two  kinds,  visible  and  audible.  Visible  signals  are  either  perma- 
nent or  transient,  according  as  they  are  produced  by  recording  or  non-recording 
instruments.  Thus  we  have — 


Non-recording  Instruments  ...  I. 

II. 


III. 

Recording  Instruments  ...  IV. 

V. 


VI. 


Needle  Instruments. 

Sounding  Instruments. 

(1)  The  Sounder. 

(2)  The  Bell. 

Dial  Instruments. 

Bain’s  Chemical  Marking  Instrument. 
Morse’s  Instruments. 

(1)  The  Embosser. 

(2)  The  Ink-writer. 

Type-printers. 


I.  NEEDLE  INSTRUMENTS. 

The  needle  is  a pointer  capable  of  receiving  two  distinct  motions,  the  one 
to  the  right  and  back,  and  the  other  to  the  left  and  back ; its  position,  when 
it  is  at  rest,  being  vertical.  In  the  earliest  needle  system  there  were,  as  we 
have  seen,  as  many  as  twenty-six  needles.  In  Cooke  and  Wheatstone’s  in- 
struments there  were  five  needles.  The  number  was  reduced  to  two,  and 
finally,  in  the  latest  use  of  the  system,  to  one.  Combinations  of  the  two  swings 
of  the  needle  spell  out  the  alphabet  just  as,  when  recording  instruments  are 
used,  the  combinations  of  long  and  short  strokes  form  all  the  necessary  signals. 
A single  motion  to  the  left  forms  the  letter  e,  and  one  to  the  right  the  letter  t. 
By  writing  / for  a swing  of  the  needle  to  the  left,  and  r for  a swing  to  the  right, 
the  alphabet  will  appear  as  follows  : 


A Ir 

H nil 

0 rrr 

V Ulr 

B rill 

1 11 

P Irrl 

W Irr 

C rlrl 

T Irrr 

Q rrlr 

X rllr 

E rll 

k rlr 

R Irl 

Y rlrr 

E 1 

L Irll 

S 111 

Z rrll 

F llrl 

M rr 

T r 

G rrl 

N rl 

U Hr 
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Needle  instruments  are  of  two  kinds,  named  from  the  keys  or  commutators 
attached  to  them,  the  drop-handle  and  the  tapper.  The  drop-handle  is  simply  a 
commutator  worked  by  a handle  (Fig.  877),  so  that  a motion  of  the  handle  to  the 
left  connects  the  copper  pole  of  the  battery  with  the  line-wire  and  puts  the  zinc 
pole  to  earth,  and  a motion  to  the  right  connects  the  zinc  pole  with  the  line- 
wire  and  puts  the  copper  pole  to  earth.  The  receiving  instrument  is  so  con- 
nected that  the  former  motion  of  the  handle  produces  a swing  of  the  needle  tc 
the  left,  and  the  latter  a swing  to  the  right. 


Fig.  877. — Single  Needle  Instrument. 


The  tapper  consists  of  two  bars  of  brass  or  copper  z and  c (Fig.  878)  con- 
nected with  the  battery,  and  two  metal  springs  L and  E,  one  of  which  l is  connected 
with  the  line,  and  the  other  E is  put  to  “ earth.”  The  springs  both  pass  under  c 
and  over  z,  and  when  not  pressed  on  they  both  touch  the  bar  c,  but  do  not 
touch  the  bar  z.  One  spring  must  be  pressed  down  to  make  the  circuit.  When 
the  finger  is  pressed  upon  the  knob  N of  the  spring  L,  it  connects  l and  z and 
sends  the  current  from  copper  to  “ earth,”  and  from  L back  to  z.  If  the  knob  p 
on  E is  pressed  down,  the  current  goes  from  copper  to  line,  and  from  e back  to 
z.  To  depress  n causes  the  needle  of  the  receiving  instrument  to  swing  to  the 
left.  To  depress  p causes  the  needle  to  swing  to  the  right. 
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II.  SOUNDING  INSTRUMENTS. 

The  signals  given  by  the  sounding  instruments  are,  like  those  of  the  needle, 
transient,  and  the  instruments  are  non-recording.  They  appeal,  however,  to 
the  ear  instead  of  to  the  eye.  There  are  two  kinds  of  sounding  instruments, 
the  sounder  and  the  hell.  The  clerk  in  charge  of  a needle  instrument  has 
often  been  known  to  recognise  by  the  ear  when  the  needle  strikes  the  pin  or 
stop  on  the  left,  and  when  it  strikes  the  stop  on  the  right,  and  so  to  be  able  to 
write  down  the  message  without  looking  at  the  instrument.  In  this  case,  even 
the  needle  instrument  may  be  said  to  act  as  a sounder.  The  simple  sounder, 
however,  is  but  an  electro-magnet  with  an  armature  in  the  form  of  a lever, 
like  the  instrument  represented  in  Fig.  77S.  The  end  of  this  lever  moves 
between  two  stops,  one  of  which 
it  strikes  when  attracted,  and  the 
other  when  released.  The  time 
elapsing  between  the  two  sounds  is 
short  or  long,  the  short  correspond- 
ing to  a swing  to  the  left  in  the  needle, 
or  to  a dot  in  Morse’s  system,  and 
a long  interval  to  the  swing  to  the 
right,  or  to  the  dash.  The  sounder 
has  been  introduced  into  America, 
and  has  there  supplanted  all  other 
forms  of  apparatus.  It  is  also  almost 
universally  employed  in  India. 

The  earliest  form  of  acoustic  instrument  used  in  England  was  probably 
Bright’s  bell.  In  this  instrument  two  bells  of  different  tone  are  used,  the 
hammer  of  one  being  actuated  by  currents  in  one  direction,  and  that  of  the 
other  by  currents  in  the  other  direction.  The  sound  of  one  bell  corresponds 
to  dots,  and  that  of  the  other  bell  to  dashes.  The  sending  apparatus  is  the 
same  as  the  tapper  of  the  single  needle,  and  relays  and  local  currents  are 
often  needed.  The  instrument  is  probably  the  quickest  non-recording  instru- 
ment extant,  but  it  is  complicated  in  its  construction  and  difficult  in  its  adjust- 
ment compared  with  the  sounders.  Other  bells  will  be  described  under  the 
head  of  special  signalling  apparatus. 

The  key  required  for  the  sounder  is  the  single  Morse  key,  represented  in 
Fig.  879.  Three  brass  bars  n m and  v are  fastened  upon  a basement  block 
of  wood  A ; M has  the  two  brass  cheeks  D d'  arranged  upon  it,  as  chairs  or 
bearings  for  the  support  of  the  axis  b.  The  lever  h b'  moves  about  this  axis, 
moving  in  the  one  direction  by  the  hand  of  the  operator  pressing  on  the  knob  g, 
and  returning  when  released  in  consequence  of  the  tension  of  a spring/;  and 
steel  or  platinum  contacts  ca  are  screwed  into  the  bars  n and  v,  the  corresponding 
contact-pins  of  which  pass  through  the  lever  b U . One  end  of  the  spiral 
spring  is  attached  to  the  lever  at  b,  and  the  second  end  is  fastened  to  the  bar  m 


Fig.  879. — The  Morse  Key. 
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This  spring  serves  to  hold  the  lever  down  upon  the  contact  c,  which  is  regulated 
by  the  screws  sj.  The  line-wire  is  connected  with  the  middle  plate  m,  the 
receiving  apparatus  with  n,  and  the  sending  apparatus,  including  the  home 
battery,  with  v.  Hence  the  key  is  always  set  ready  to  receive  a message,  but 
must  be  pressed  down  to  send  one. 


^A^^heatstone  s A B C System. — The  indicating  instrument  in  this 
system  has  the  letters  of  the  alphabet  arranged  on  a dial,  and  a pointer  is  placed 
in  succession  opposite  the  letters  that  spell  out  the  message.  The  currents  are 


same  time  the  current,  instead  of  going  to  the  line,  is  cut  off.  When  the 
key  is  raised  again,  supposing  the  handle  to  be  continuously  turned,  the 
pointer  resumes  its  course  until  another  key  is  depressed.  Now  the  dial  of 
the  receiver  is  exactly  like  that  of  the  sender,  and  the  motion  of  its  pointer 
is  regulated  by  an  escapement  wheel  propelled  by  an  electro-magnet.  The 
escapement  wheel  has  fifteen  teethj  and  a complete  revolution  of  the  handle 
of  the  sender  carries  it  to  move  two  teeth  forward,  so  that  the  pointer  moves 
over  four  letters  like  the  pointer  of  the  sender.  Hence,  the  pointers  of  two 
stations  properly  connected  and  having  instruments  properly  adjusted  move 
synchronously.  To  secure  that  both  pointers  start  from  the  zero  point  of  their 
dials,  the  keys  of  these  points  are  kept  depressed.  The  system  works  well  for 
private  stations. 

Brdguet’s  Dial  Telegraph. — In  the  apparatus  just  described  no  battery 
is  employed,  but  the  current  is  furnished  by  magneto-electric  induction  in  the 
act  of  manipulation.  Of  A B C systems,  where  a battery  is  employed  to  furnish 
the  current,  Breguet’s  Dial  Telegraph  is  a good  example,  and  is  illustrated  in 
Figs.  88 1 — 4.  The  transmitting  and  receiving  instruments  are  distinct  and 
different.  The  transmitting  apparatus  is  shown  in  Fig.  881.  It  has  a dial  round 
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Fig.  8S0. — Wheatstone’s  ABC  Apparatus. 


produced  on  the  principle  of  a 
magneto-electric  machine  turned 
by  means  of  a handle,  which  also 
causes  the  rotation  of  the  pointer 
over  the  face  of  the  dial.  There  is 
a key  opposite  each  mark  on  the 
dial,  and  an  endless  chain  passes 
inside  all  the  keys,  passing  over  a 
number  of  small  pulleys.  When 
the  handle  is  turned  the  pointer 
receives  four  impulses  for  each 
revolution,  and  moves  over  four 
spaces.  If,  however,  a key  is  de- 
pressed the  pointer  is  arrested  when 
it  comes  opposite  to  it,  and  at  the 
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the  face  of  which  are  placed  the  letters  of  the  alphabet,  and  the  sign  +,  which  is 
used  to  divide  words ; and  in  another  row  are  placed  numerals,  as  far  as  25. 
A small  notch  will  be  seen  cut  in  the  rim  opposite  each  letter.  A handle  m is 
pivoted  to  the  centre,  the  arm  having  a slot  cut  in  it,  and  this  is  turned  round 
(in  one  uniform  direction  only,  never  backward)  till  the  letter  or  figure  required 
appears  through  the  slot,  a small  pin  on  the  under  side  catching  in  the  notch, 
and  keeping  the  position  exact.  If  the  letter  is  overshot  the  arm  must  not  be 
moved  back,  but  carried  round  again ; hence  the  need  of  the  slot  and  pin, 
not  otherwise  material.  The  removed  part  of  the  dial  shows  a wheel  beneath 


Fig.  S81. — Bieguet’s  Transmitter. 


which  turns  with  the  handle,  and  has  cut  in  it  a waved  groove,  having  half 
the  number  of  waves  that  there  are  letters,  so  providing  either  a crest  or  a 
hollow  for  each.  A roller  on . the  end  of  the  bent  lever  t works  in  this 
groove,  so  that  in  turning  the  handle  one  revolution,  the  lower  end  of  t is 
moved  from  side  to  side  twenty-six  times,  or  thirteen  to-and-fro  complete 
motions.  At  the  bottom  of  the  lever  a platinum  spring  thus  comes  alternately 
into  contact  with  the  contact-screws  p and  Q.  p goes  to  the  line-wire,  while 
the  battery-wire  goes  to  passing  thence  to  the  grooved  wheel,  and  so  to  the 
lever  t. 

The  receiving  appara^s  is  shown  in  Figs.  882—4.  Fig.  882  is  the  face, 
showing  a small  key-axis  between  the  numbers  25  and  i on  the  dial,  by 
which  the  clockwork  in  the  interior  is  wound  up.  Fig.  883  is  a back 
view,  showing  interior  parts,  except  that  the  magnet,  which  faces  the 
dotted  circles  of  the  armature  a,  is  removed  for  clearness.  The  clockwork 
causes  the  pointer  to  travel  round  the  face  rather  quickly  until  stopped  or 
regulated  by  the  escape-wheel  d,  a larger  view  of  which  is  given  in 
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Fig.  884.  It  comprises  two  ordinary  notched  wheels  mounted  on  one  axis,  -jo 
that  the  teeth  alternate.  The  pallet  i underneath,  as  it  vibrates  backwards  and 
forwards,  alternately  catches  the  tooth  of  each  wheel  in  succession,  so  that  if 


Fig.  882/ — Receiving  Instrument. 


T 


Fig.  883. — Construction  of  Receiver. 


Fig.  S84.— Escape-Wheel. 


there  are  thirteen  teeth  on  each,  every  movement  of  the  pallet  enables  the  wheel 
to  revolve  one  twenty-sixth  of  a revolution.  The  pointer  is  fixed  to  the  axis  of 
this  wheel,  so  that  in  the  same  period  it  also  moves  forward  the  space  of  one 
letter.  The  armature  a (Fig.  883)  swings  to  and  from  the  observer  from  suspend- 
ing pivots  fixed  in  the  projecting  supports  v v',  and  carries  with  it  the  arm  U 
having  a horizontal  pin  c projecting  from  one  end  of  it.  A spiral  spring/ draws 
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the  armature  back  when  the  current  does  not  pass  through  the  coilf  of  a horse- 
shoe electro-magnet,  whose  poles  are  opposite  a.  The  armature,  and  with  it  the 
pin  c therefore  swing  backwards  and  forwards  as  current  is  made  and  broken  ; 
and  in  the  enlarged  view  of  the  escape-wheel  in  Fig.  884,  it  will  be  seen  how  this 
motion  of  the  pin  c in  the  fork  d works  the  escapement,  thus  causing  the  pointer 
to  move  round  the  dial  one  step  for  every  “ make  ” or  “ break  ” of  the  current. 

The  action  of  the  two  instruments  can  now  be  readily  understood.  It  has 
been  seen  that  a complete  revolution  of  the  pointer  of  the  sending  instrument 
makes  and  breaks  current  thirteen  times,  or  makes  twenty-six  changes ; and 
these  twenty-six  changes  also  move  round  the  pointer  of  the  receiving  instru- 
ment a complete  revolution.  Any  lesser  number  of  steps  is  similarly  reproduced 
in  the  receiving  instrument. 

This  instrument  works  in  practice  remarkably  well.  Occasionally  the  pointer 
will  get  ivrong,  owing  to  mistake  or  interruption  in  the  message  ; in  that  case  the 
head  of  the  rod  x is  depressed,  which  liberates  the  escapement  altogether  until 
it  has  rotated  back  to  the  sign  -f,  when  all  starts  correctly  again.  The  handles 
near  the  top  of  the  instruments  direct  the  current  to  a signal-bell  on  the  receiver 
at  pleasure. 

IV.  CHEMICAL  MARKING  INSTRUMENTS. 

Bain’s  invention  for  signalling  by  means  of  the  electrolytic  effects  of  a current 
has  already  been  described.  It  was  at  one  time  the  only  recording  'instrument 
used  in  England,  but  it  has  been  gradually  supplanted  by  the  Morse.  As,  how- 
ever, it  registers  its  messages  with  great  rapidity,  the  demand  for  speed  may  lead 
to  its  restoration  to  favour.  We  have  but  two  additions  to  make  to  the  de- 
scription already  given,  first  to  point  out  the  importance  of  attending  to  the 
order  of  the  connections,  and  secondly,  to  give  the  composition  of  suitable 
solutions.  If  the  sending  key  be  of  the  kind  shown  in  Fig.  879,  the  wire  from 
the  copper  pole  of  the  battery  must  be  brought  to  the  front  bar  v.  If  the  current 
be  sent  in  the  opposite  direction,  no  mark  will  be  made  by  the  printer.  The 
starch  solution,  already  mentioned,  consists  of  one  part  of  potassic  iodide  with 
twenty  parts  of  starch,  diluted  by  forty  parts  of  water.  The  prussiate  of  potash 
solution,  which  is  commonly  used,  consists  of  one  part  (by  measure)  of  prussiate 
of  potash  (potassic  ferrocyanide),  one  part  of  ammonium  nitrate  (a  saturated 
solution),  and  two  parts  of  water.  The  effect  of  ammonium  nitrate  is  to  keep 
the  paper  from  drying. 

V.  THE  MORSE  SYSTEM. 

(i)  Embossers. — The  Morse  apparatus  consists  of  an  electro-magnet 
and  a printing  arrangement,  which  is  furnished  with  wheelwork,  and  a disc 
with  telegraph  paper.  The  electro-rnagnet  e e (Fig.  885)  consists  of  two 
cylindrical  cores  of  very  soft  wrought  iron,  which  are  connected  at  their 
lower  ends  by  an  iron  plate,  so  that  they  form  a horse-shoe  magnet.  Both 
arms  have  a great  number  of  turns  of  insulated  copper  wire  round  them. 
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and  are  connected  in  such  a manner  with  the  source  of  electricity  and  with 
each  other,  that  the  magnet  has  a north  pole  and  a south  pole  at  its  upper 
ends.  The  armature  a of  the  electro-magnet,  and  the  pencil  are  fastened 
to  the  lever  h,  which  can  move  about  a horizontal  axis.  The  lever  is  con- 
nected with  a spiral  spring,  attached  to  a screw  b,  which  when  turned  in  the 
right  direction  increases  or  diminishes  the  tension  of  the  spring,  and  there- 
fore offers  a greater  or  lesser  resistance  to  the  attraction  of  the  armature  by 


Fig.  885. — The  Morse  Embossing  Instrument. 


the  magnet.  'The  play  of  the  lever  is  limited  by  the  contact-screws  r and  t. 
The  printing  arrangement  by  which  the  signals  are  impressed  on  the  strip  of 
paper  drawn  off  the  wheel  may  be  better  understood  from  Fig.  886.  In  both 
figures  the  various  parts  are  indicated  by  the  same  letters.  The  end  of  the 
lever  h is  split,  and  the  pencil  s is  placed  in  this  slit.  This  pencil  is  adjusted 
by  means  of  the  knob  and  ends  in  a blunt  but  glass-hard  point,  which 
serves  the  purpose  of  marking  the  paper.  When  the  pencil  is  arranged  in 
the  right  position,  it  is  maintained  in  it  by  tightening  the  screw  n ; ^ is 
the  printing  roller,  which  turns  round  the  axis  a,,  and  has  a groove  at  b 
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in  order  to  facilitate  the  marking  of  the  pencil.  The  paper  is  held  between 
the  rollers  d and  w,  and  the  pressure  of  d upon  w is  regulated  by  means  of 
the  spring  qq,  one  end  of  which  is  fastened  to  the  axis^  of  the  brass  piece 
so  that  the  spring  presses  against  the  metal  piece  k ; the  second  end  of  the 
spring  presses  against  the  screw  x,  and  thus  the  pressure  can  be  regulated  by 
turning  the  screw  \ r r are  metal  pieces,  which  can  slide  along  k,  and  serve  as 
guiding  pieces  for  the  paper ; y y are  screws  which  keep  the  guiding  pieces  in  the 
required  position.  To  prevent  the  screws  yy  from  slipping,  the  bolt  r is  placed 
across  them.  As  often  as  a current  is  sent  through  the  electro-magnet  e e,  the 
latter  attracts  its  armature,  and  the  lever  h moves  the  pencil  up;  as  often  as  this 
happens  the  pencil  makes  a mark  on  the  paper  at  d.  When  the  current  lasts 


Fig.  886. — The  Morse  Writer. 


only  a short  time,  a short  line,  technically  called  a dot,  is  produced ; when  the 
current  lasts  a longer  time,  a dash  is  produced. 

The  Morse  Alphabet. — Combinations  of  dots  and  dashes  give  the 
different  letters,  numbers,  and  signs,  and  thus  form  the  Morse  alphabet : — 


a 

b 


c 

d 


e 

f 

g 

h 

i 

k 


6 

7 

8 

9 


z 

1 

2 


o 


? 


3 


» 


4 

5 


I 


The  letters  thus  formed  of  dots  and  dashes  are  separated  by  variable  spaces 
as  they  are  called.  There  are  three  kinds  of  spaces  : the  space  separating  the 
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elements  of  a letter,  that  separating  the  letters  of  a word,  and  that  separating 
the  words  themselves.  These  durations  of  break  or  silence  are  as  necessary  as 
the  durations  of  contact  or  sound.  When  we  look  upon  the  Morse  alphabet 
as  applicable  to  the  various  instruments  described,  including  the  sounder,  we 
may  define  it  as  a method  by  which  time  is  divided  into  multiples  of  an  arbitrary 
standard  or  unit,  viz.  the  dot. 

1.  A dash  is  equal  to  three  dots. 

2.  The  space  between  the  elements  of  a letter  is  equal  to  one  dot. 

3.  The  space  between  the  letters  of  a word  is  equal  to  three  dots. 

4.  The  space  between  two  words  is  equal  to  six  dots. 

The  following  arrangement  of  the  signs  will  assist  the  memory  to  retain  them. 
The  foundations  of  the  alphabet  are  the  dot  (.)  representing  the  letter  e,  and  the 
dash  ( — ) representing  the  letter  t.  This  gives  us  the  group  e and  t of  the  first 
order.  Placing  a dot  before  each  of  these  elementary  characters,  we  have 

. . i • — a 

Placing  a dash  before  each  elementary  signal  we  have 

— . n m 

These  give  us  the  group  of  the  second  order,  i,  a;  and  n,  m. 

Now  affixing  to  each  of  the  above  four  signals  first  a dot  and  then  a dash, 
we  have 

• • • S • d 

, , — u — . — k 

. — . r . g 

. w o 


These  constitute  the  group  of  the  third  order,  s,  u,  r,  w ; and  d,  k,  g,  o. 
Pursuing  the  same  plan  with  these  eight  characters,  we  have 


h 

. . — V 

. — . f 

. ii  (German) 

— . . 1 

— . — a (German) 

• ? 


— . . . b 

— . . — X 

— . — . c 

— — — . 6 (German). 

ch 


These  constitute  the  group  of  the  fourth  order,  h,  v,  f,  ii,  1,  a,  p,  j ; and  b,  x, 
c,  y,  z,  q,  6,  ch. 

There  is  also  the  French  accented  d (.  . — . . ),  but  with  this  exception 
no  letter  exceeds  four  signals.  Combinations  of  five  signals  are  employed  to 
represent  the  numerals  and  cypher. 

The  stops  and  other  signs  of  punctuation  are  made  by  a combination  of  six 
signals. 

(2)  Ink  Writers. — Thomas  John,  an  Austrian  engineer,  constructed  an  ink 
writer  for  use  at  the  central  station  of  Vienna,  in  1854,  which  was  patented 
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in  Paris,  and  his  modification  of  the  Morse  apparatus  was  then  adopted  by 
Digney  and  Company.  Lewert  and  Siemens  also  constructed  ink  writers. 
Digney’s  ink  writer,  which  is  largely  used  in  France,  is  shown  in  Fig.  887.  It  is 
similar  in  construction  to  the  apparatus  just  described,  except  that  for  the 
style  is  substituted  a small  metallic  disc,  which  revolves  in  ink.  The  electro- 
magnet E is  in  all  respects  the  same  as  that  of  the  embosser,  except  that 
its  resistance  is  considerably  greater.  The  lever  h h-^,  however,  is  differently 


Fig.  887.— Digney’s  Ink  Writer. 


constructed.  At  a it  has  an  armature  of  a cylindrical  shape,  consisting  of 
soft  iron  which  is  slit  open  at  its  upper  end;  at  h it  has  the  spring  / and 
Its  axis  of  rotation  d rests  upon  the  piece  The  screws  r and  / ifmU  the 
motion  of  the  lever.  The  effect  of  the  electro-magnet  on  the  armature  is 
reflated  by  the  spiral  spring  /,  which  is  connected  by  means  of  a string  to 

n^rh,F  bent  end  of  the  spring  / is^he 

printing  disc  which  comes  in  contact  with  the  printing  roller  ^ The 

str^  of  paper  p is  taken  over  the  roller  r.  and  passes  between  the  printing  disc 
and  the  spring  / The  position  of  the  spring  as  regards  ^ k 

.plated  b,„eans  of  a so.w.  When  a cuLm  Tass:"^  the  eTetro! 
. g e E the  latter  attracts  its  armature  a,  lowers  7^,  and  by  raising  the  bent 
0 the  spring/  presses  the  strip  of  paper  / / against  the  disc  r. 
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The  electro-magnet  in  the  ink  writer  by  Lewert  is  made  adjustable  to  either 
of  two  systems,  namely,  the  system  with  constant  current  or  that  with  transient 
current,  and  the  lever  consists  of  two  movable  portions  connected  with  each 
other.  In  order  that  the  need  for  this  arrangement  may  be  clearly  understood, 
it  is  necessary  to  give  the  following  explanation : Telegraph  lines  are  worked 
in  two  different  ways — viz.  either  with  a working  current,  or  with  a constant 
current.  In  the  first  case  the  circuit  is  without  current  during  certain  intervals, 
and  is  “ made  ” only  when  a signal  has  to  be  transmitted  ; in  the  latter  case  a 
current  is  always  flowing  through  the  circuit,  and  is  interrupted  at  the  required 


moment.  If  a line  is  to  be  worked  both  ways,  the  telegraph  apparatus  will  have 
to  be  arranged  so  that  the  signs  are  produced  in  the  same  form  with  both 
methods. 

Fig.  888  represents  a lever  of  this  kind  by  V.  Brabender.  The  spring  f, 
terminating  in  the  prongs  c and  g,  is  fastened  to  the  lever  h -^3  by  a screw  e. 
The  position  of  the  spring  ef'vs,  regulated  by  the  screw  j a is  the  armature  of  the 
electro-magnet.  The  writing  lever  proper  z ^ is  movable  about  d.  The  prin- 
cipal figure  shows  the  regulation  of  the  spring  when  a circuit  is  used,  which  is 
without  current  during  certain  intervals — that  is  to  say,  when  not  signalling. 
When  the  armature  a is  attracted  by  the  electro-magnet  it  causes  to  make 
contact  at  / (Fig.  887),  and  the  arm  of  the  lever  h and  fg  to  move  upwards. 
As  rests  upon  the  end  of  the  lever  / will  also  be  moved  upwards — that  is, 
it  will  press  the  strip  of  paper  against  the  printing  disc.  If,  however,  the  screws 
is  tightened  so  that  the  spring  is  pressed  down  upon  /i\  as  shown  in  the  second 
part  of  the  figure,  the  instrument  is  prepared  to  act  with  constant  current  broken 
only  for  the  purpose  of  signalling.  The  writing  lever,  which  is  movable  about 
d',  will  be  caught  by  the  prong  c\  and  will  lo.se  contact  with  g'.  The  arm  of  the 
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lever  d'  i'  will  be  lowered,  and  the  strip  of  paper  will  cease  to  make  contact  with 
the  printing  disc  when  the  current  is  flowing.  AVhen  the  armature  a'  is  not 
attracted,  the  lever-arm  //is  lowered,  and  the  prongs'  presses  the  arm  ^'<^'down, 
and  d' t'  up,  so  that  the  strip  of  paper  is  then  pressed  against  the  printing  disc. 


Fig.  890.— The  Polarised  Ink  Writer. 


To  make  the  apparatus  do  for  either  method,  it  is 
screw  s in  the  one  or  the  other  direction. 


only  required  to  turn  the 


^ In  the  normal  ink  ■writer  used  in  England  the  paper  is  arranged  upon  a 
honsontal  wheel,  as  shown  in  Fig.  889,  and  the  stylus  used  in  the  precedlg 

part  of  this  disc  runs  in  an  mk  well,  and  the  rim  so  inked  is  brought,  by  the 
movement  of  the  lever,  into  contact  with  the  paper  travelling  above  it. 

of  theh\wf„!"  Writers  differ  from  ordinary  ink  writers  in  the  construction 
electro  magnets  and  writing  levers.  The  first  apparatus  of  this  kind 
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was  constructed  by  Siemens,  and  is  shown  in  Fig.  890.  s s are  south  poles  of  a 1 
permanent  magnet,  which  is  connected  at  its  other  end  with  the  iron  cores  of: 
the  electro-magnet  e e,  and  gives  north  magnetism  to  them  as  long  as  the  coils  i 
remain  without  current.  The  adjustable  pole-pieces  n n'  are  north-seeking, . 
therefore,  when  the  apparatus  is  at  rest.  One  arm  of  the  writing  lever  c c 
which  can  move  about  b,  consists  of  soft  iron,  and  represents  the  armature  of 
the  magnet,  being  placed  between  these  two  poles.  In  consequence  of  its  position 
it  is  magnetised  as  a south  pole  by  induction.  The  arm  of  the  lever  to  the  left 
carries  the  printing  disc  j.  When  the  armature,  whose  motion  is  limited  by 
the  contact-screws  d d',  is  adjusted  so  that  the  two  north  poles  affect  it  equally, , 
it  will  remain  exactly  midway  between  the  two  poles ; but  if  the  slightest  i 
alteration  is  made  in  the  attractive  force  of  either  pole,  the  armature  will  be 
moved  in  the  corresponding  direction.  When  a current  passes  through  the  coils 
of  the  electro-magnet,  north  magnetism  is  produced  in  one  of  its  cores,  and 
south  magnetism  in  the  other ; but  as  both  poles  have  north  magnetism  (for 
the  magnet  is  permanent)  it  is  evident  that  north  magnetism  will  be  strengthened 
in  one  of  the  cores,  whilst  either  the  north  magnetism  will  be  partially  neutralised 
or  else  it  will  be  wholly  neutralised,  and  south  magnetism  will  be  produced  in 
the  other.  The  armature  will,  therefore,  move  towards  the  first  pole ; by  this 
means  the  sensitiveness  of  the  apparatus  is  greatly  increased. 

In  order  that  this  apparatus  may  be  used  with  continuous  currents,  the 
pole-piece  n is  so  arranged  by  the  screw  f,  that  it  affects  the  armature  more 
powerfully  than  the  pole  n'.  The  armature,  therefore,  makes  contact  at  d ; if  now 
a current  of  corresponding  direction  be  sent  through  the  electro-magnet,  the 
north  magnetism  of  n'  will  be  increased,  and  the  armature  will  move  dowmward, 
and  make  contact  at  d',  thus  pressing  the  printing  disc  against  the  strip  of 
paper,  and  producing  the  desired  sign.  When  the  current  is  broken,  the  attrac- 
tive force  of  N prevails,  and  the  armature  goes  back  again  to  D.  The  polarised 
ink  writer  may  also  be  used  with  alternating  currents,  by  causing  the  armature 
to  be  so  arranged  that  both  poles  N and  n'  affect  it  equally.  When  a current  of 
a certain  direction  is  sent  through,  the  electro-magnet  n'  is  strengthened,  and  n 
weakened,  so  that  the  armature  is  pressed  against  d',  and  the  printing  disc 
against  the  strip  of  paper.  The  armature  remains  in  this  position  as  long  as 
the  same  current  lasts.  When  a current  is  sent  through  in  the  opposite  direc- 
tion the  apparatus  n will  be  strengthened,  and  n'  will  be  weakened,  and  the 
armature  will  move  towards  d,  and  the  strip  of  paper  will  lose  contact  with  the 
printing  disc. 

VI.  TYPE-PRINTERS. 

Hughes’  Type-printing  Apparatus. — Fig.  891  represents  a com- 
plete Hughes’  type-printing  apparatus,  in  which  may  be  noticed  a keyboard,  a 
contact  wheel,  an  electro-magnet,  with  an  armature,  connected  with  a rather  com- 
plicated system  of  wheelwork,  in  front  of  which  are  the  printing  wheel  and  tape- 
roller.  The  messages  are  printed  by  this  instrument  in  bold  Roman  type.  The 
instruments  at  the  sending  and  receiving  stations  are  identically  similar,  and  a 
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current  of  short  duration  is  required  for  each  letter.  The  type  wheels,  which 
have  the  alphabet  on  their  edges,  are  kept  rotating  synchronously.  This  syn- 
chronous movement  of  the  corresponding  pieces  at  the  two  stations  is  the 
principal  difficulty  of  the  instrument,  and  requires  very  accurate  adjustment. 
There  are  twenty-eight  black  and  white  keys,  which,  with  the  exception  of 
the  first  and  fifth,  counted  from  the  left,  are  marked  with  letters,  signs, 
and  numbers.  The  contact  arrangement  d is  fastened  upon  the  table,  and 
upon  it  rests  the  contact  slide  c,  which  rotates  about  the  axis  a.  The  contact 
slide  is  made  by  the  clockwork  to  rotate  with  the  same  velocity  as  the 
printing  wheel  f,  on  the  edge  of  which  the  letters,  signs,  and  numbers  are 


Fig.  891 — Hughes’  Type-printing  Telegraph. 


arranged  in  relief.  The  ink-roller  k furnishes  the  wheel  with  the  necessary 
printing-ink ; a regulating  wheel  behind  the  type  wheel  corrects  irregularities 
which  might  occur  in  the  apparatus.  To  the  left  of  the  wheelwork  is  the 
magnet  e,  which  loosens  its  armature  /,  and  lifts  the  left  arm  of  the  lever 
when  a current  of  the  required  direction  and  strength  passes  through  its  coils! 
Ihe  strip  of  paper  is  pressed  against  the  lower  edge  of  the  type  wheel  by 
means  of  the  printing  roller  m.  The  heavy  fly-wheel  v is  used  in  order  to  make 
the  machine  move  more  regularly. 

The  receiver  and  the  sender  are  united  in  one  apparatus,  and  the  receiving 
and  sending  stations  use  instruments  that  are  identical  as  regards  form,  in  order 
that  the  slide  and  the  type  wheel  may  be  made  to  move  synchronously  at  both 
stations  The  mode  m which  the  apparatus  works  is  as  follows  : When  a 

aL  connected  with  it  raises  a pin  underneath  the 

<Jisc  d;  this  pm  projects  from  one  of  the  rectangular  openings  which  are  made 
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on  the  surface  of  the  disc,  and  separates  the  two  movable  portions  of  which 
the  slide  c consists.  When  connection  is  made  between  the  line  battery 
and  the  line  a current  is  sent  into  the  leads,  and  thence  to  the  apparatus  of 
the  receiving  station,  where  it  flows  into  the  coils  of  the  electro-magnet.  When 
theie  is  no  current  the  magnet  holds  the  armature  p attracted;  but  the  arriving 
current  neutralises  the  magnetism  of  the  electro-magnet,  and  the  armatQre 

moves  up  ; this  affects  the  lever  /,  which,  in  its 
turn,  starts  the  printing.  If,  for  instance,  the 
key  upon  which  the  letter  a i§  printed  is  de- 
pressed at  the  sending  station,  a current  arrives 
at  the  receiving  station  when  the  letter  a is 
opposite  the  printing  roller  m.  The  current  is 
only  able_  to  flow  through  the  leads  to  the  re- 
ceiving apparatus  at  this  moment  because  the 


Fig.  892. — Current  Arrangement  in  Hughes’  Apparatus. 


Fig.  893. — The  Magnet. 


slides  move  synchronously  with  the  type  wheels,  and  the  closing  of  the  circuit 
can  only  take  place  at  the  moment  when  the  slide  moves  over  the  opening  of 
the  disc  d,  which  corresponds  to  key  a.  When  the  armature  p is  lifted  at  the 
receiving  station,  it  raises  the  lever,  and  causes  the  printing  roller  m to  press 
the  paper  strip  against  the  type  wheel,  and  produce  the  letter  a. 

We  have  yet  to  show  more  clearly  how  it  is  that  the  current  flows  only  when 
a particular  letter  is  passing  the  connection  with  a particular  key.  The  arrange- 
ment of  the  pin  case,  and  the  slide  with  its  contact  arrangement,  are  shown  in 
Fig.  892.  D D represents  a section  of  the  disc  fastened  to  the  table  t,  and 
showing  one  of  the  rectangular  openings  <?,  each  of  which  corresponds  to  a 
key.  The  disc  D D forms  the  cover  of  the  case  G G,  which  has  slits  J s cut 
on  its  lower  side.  The  levers  connected  with  the  different  keys  project  through 
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these  slits.  The  lower  ends  of  the  pins  s rest  upon  the  levers,  so  that  then 
upper  ends  are  inserted  into  the  openings  0 (indicated  by  the  dotted  lines) 
when  the  key  is  pressed  down.  The  axis  of  rotation  a of  l passes  through  the 
centre  of  the  disc  d d,  and  is  connected  with  the  wheelwork  of  the  type  wheel 
by  means  of  cog-wheels.  When  l arrives  at  an  opening  the  pin  s,  which  is 
made  to  project  from  0 by  depressing  a key,  raises  r,  and  by  this  means  breaks 
contact  between  a and  b.  The  leads  from  the  battery  are  so  arranged  that 
when  L has  this  position  connection' is  made  with  the  line,  and  the  current 
flows  to  the  receiving  station. 

When  the  current  arrives  at  the  station  it  has  to  demagnetise  the  magnet. 
In  order  to  facilitate  this  demagnetisation,  Hughes  constructed  a magnet  like 
that  shown  in  Fig.’ 893.  It  consisted  of  a permanent  horse-shoe  magnet  m m, 
and  the  electro-magnet  e e.  The  former  consisted  of  four  steel  plates  in  horse- 
shoe form,  which  were  held  together  by  the  screws  n n,  and  the  brass  cross- 
pieces qq-^.  The  cores  of  the  electro-magnet  consisted  of  hollow  wrought- iron 
cylinders,  which  were  placed  upon  the  poles  of  the  permanent  magnet ; wire 
was  coiled  round  these  hollow  cores,  and  they  were  then  covered  at  both  top 
and  bottom  with  brass  plates,  in  order  to  protect  the  coils.  The  resistance  of  the 
electro-magnet  coils  is  1,132  ohms.  Over  the  pole-pieces  of  the  magnet  is  placed 
the  armature  e^.  Even  when  the  coils  are  without  current  the  iron  cores 
possess  a certain  magnetic  force  in  consequence  of  their  connection  with  the 
permanent  magnet.  The  spring  affecting  the  armature  is  so  regulated  as  to  be 
weaker  than  the  magnetic  force  of  attraction,  so  that  the  armature  remains  on  the 
pole-pieces  of  the  electro-magnet ; bpt  when  a current  of  the  proper  strength 
flows  through  the  coils  the  attraction  of  the  magnet  is  neutralised,  and  the  spring 
draws  the  armature  off. 

The  Exchange  Telegraph  Company’s  System. — Another  special 
system  of  telegraphy  is  that  of  the  Exchange  Telegraph  Company  of  London, 
which  disseminates  news  from  a central  office  to  a large  number  of  sub- 
scribers, who  are  scattered  over  the  Metropolis.  The  company  is  authorised  to 
carry  out  its  operations  by  a special  licence  granted  by  the  Postmaster-General, 
on  the  28th  of  March,  1872.  The  licence  describes  the  aim  of  the  company  as 
to  carry  out  a system  of  exchange  by  telegraph,  in  which  identical  information  is 
supplied  from  certain  central  stations  or  from  certain  determined  points  to  any 
number  of  subscribers,  by  means  of  an  automatic  printing  apparatus,  which 
neither  requires  the  use  of  local  batteries,  nor  of  clockwork,  nor  the  presence  of 
an  attendant,  nor  necessitates  any  knowledge  of  telegraphy  on  the  part  of  the 
subscribers. 

A number  of  wires  radiate  from  the  central  office,  and  each  wire  passes  in 
zig2.ag  form  through  a district  in  which  there  are  subscribers,  and  is  finally  put 
to  earth.  The  wires  are  tapped  as  they  pass  the  clubs,  hotels,  or  other  institutions 
which  have  become  connected  with  the  company,  and  the  printing  instruments 
inserted  so  that  all  the  printing  instruments  of  any  one  district  are  joined  in 
series.  Each  wire  has  its  own  battery  at  the  central  office,  the  number  of  cells 
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being  varied  according  to  the  amount  of  work  with  which  the  wire  is  charged, 
that  is  to  say,  according  to  the  number  of  instruments  it  contains.  This  number 
vanes  in  the  different  districts  from  six  or  eight  to  fifty.  Each  battery  is 
brought  into  action  by  means  of  a relay,  and  there  are,  therefore,  as  many  relays 
working  simultaneously  as  there  are  lines  or  batteries.  The  central  office  is  also 
a general  telegraph  station,  but  the  clerk  who  sits  at  the  table,  instead  of  writing 
out  the  message,  reads  it  off  from  the  tape  of  the  Morse  instrument  as  it  unrolls 
itself  before  him,  and,  as  he  reads  it,  transmits  the  message  to  all  the  receiving 
instruments.  During  our  visit  to  the  central  office  at  17  and  18,  Cornhill,  a 
message  from  a correspondent  began  to  appear  on  the  Morse  ink  writer  in  less 
than  one  minute  after  it  was  handed  in  at  a distant  town,  and  at  the  same  instant 
it  was  transmitted  to  all  the  receiving  instruments  of  the  company,  and  printed 
by  them  as  fast  as  the  Morse  ink  writer  delivered  it.  A controlling  instrument 
exactly  similar  to  those  of  the  subscribers  stands  in  the  central  office,  and 
supplies  the  home  record  of  what  is  transmitted.  On  an  average  each  instru- 
ment prints  nearly  5,000  words  a day,  but  on  some  days,  when  news  is 
plentiful,  as  many  as  15,000  words  are  transmitted. 

We  may  mention  at  the  outset  that  there  are  three  kinds  of  messages  supplied 
by  the  company,  and  each  kind  requires  its  own  central  office,  its  own  form  of 
receiving  instrument,  and  an  independent  installation.  Financial  messages  are 
printed  from  type-wheels,  containing  not  only  the  letters  of  the  alphabet,  but 
also  numbers,  fractions,  and  signs.  The  second  class  of  messages  consists  of 
short  pieces  of  news  that  are  printed  in  bold  type  on  strips,  that  may  be  detached 
and  pinned  to  the  notice-board  of  a club  or  hotel.  The  type-wheels  for  these 
contain  no  fractions,  and  therefore  work  at  a greater  speed.  The  third  class  of 
messages  consists  of  general  news.  The  type-wheels  in  the  instruments  of  this 
class  need  not  contain  figures,  and  are  so  light  as  to  make  a very  high  speed  of 
transmission  possible.  Indeed,  by  an  arrangement  of  the  letters  and  a redupli- 
cation of  e and  h (the  letters  which  occur  most  frequently),  the  speed  of  trans- 
mission now  attainable  with  these  instruments  is  greater  than  that  with  which 
the  sending  clerk  can  manipulate  the  sending  apparatus.  The  currents  supplied 
to  the  receivers  first  cause  the  type-wheels  to  revolve  until  the  letter  that  is 
wanted  is  opposite  to  the  tape,  and  then  they  stop  it  and  bring  the  paper  up  to 
it  so  as  to  print  the  letter.  Finally,  they  jerk  the  tape  forward  ready  for  the 
next  letter.  The  wires  leading  to  the  instruments  of  the  financial  or  first  system 
are  double,  one  wire  conveying  the  current  which  turns  the  wheel,  and  the  other 
the  current  which  presses  the  tape  against  the  letter.  But  in  the  case  of  the 
lighter  instruments,  Mr.  F.  Higgins  has  invented  a method  of  effecting  the 
double  action  with  a single  wire.  For  this  purpose  he  introduces  another  small 
magnet  which  operates  a contact-maker.  This  diverts  the  current  from  the 
type-propeller  to  the  printing  mechanism  whenever  a pause  takes  place  in 
the  rapid  reciprocal  currents  which  are  transmitted  to  revolve  the  type-wheel 
The  effect  is  the  same  as  that  secured  in  the  larger  instruments  with  the 
double  wire. 
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The  subscribers  of  the  first  class  receive  at  their  own  offices  through  the  day 
the  course  of  exchange  and  state  of  the  markets  within  a minute  of  their  being 


officially  stated  at  the  Exchange ; and  no  doubt 
taken  by  the  company,  gave  to  it  its  name. 


this  work,  being  the  first  under- 
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We  are  now  in  a position  to  examine  in  detail  the  instruments  used  in 
carrying  out  the  system.  These  are  the  transmitter,  or  sending  apparatus  ; the 
receiver,  or  printing  apparatus  ; the  relay,  and  the  battery. 

The  transmitter  is  the  apparatus  by  which  the  sending  clerk  produces  the 
“ making  ” and  “ breaking  ” of  the  circuit  which  are  transmitted  to  the  relays, 
and  thence  to  the  receivers  in  order  to  effect  the  impression.  It  consists  of  a 
revolving  cylinder  or  commutator  worked  by  an  electric  motor,  and  commanded 
by  a pianoforte  key-board,  like  the  key-board  of  Hughes’  apparatus  (Fig.  891). 
This  commutator  is  composed  of  a shaft  or  cylinder,  on  which  is  fixed  a series  of 
spurs  or  teeth  arranged  in  the  form  of  a helix,  and  turning  in  front  of  the  inner 
extremities  of  the  levers  attached  to  the  keys.  When  the  clerk  depresses  one  of 
these  keys  the  corresponding  spur  is  caught,  and  the  revolving  commutator  is 
detached  from  the  electric  motor  that  works  it.  At  the  same  moment  a collar 
attached  to  the  spur  closes  the  printing  circuit.  When  the  key  is  released  the 
printing  circuit  is  at  first  broken,  and  an  instant  after  the  shaft  again  begins  to 
revolve. 

The  motor  is  a simple  magneto-electric  motor  supplied  by  a battery  of 
potassium  bichromate  elements.  The  speed  of  the  motor  is  regulated  by  the 
aid  of  a centrifugal  governor  which  breaks  the  current  when  the  speed  reaches 
the  rate  which  is  intended  to  be  the  maximum.  It  is  very  sensitive  to 
the  smallest  variations  in  the  rate  of  rotation,  and  keeps  the  speed  practically 
uniform.  The  governor  can,  however,  be  regulated  to  suit  different  systems 
and  to  allow  of  different  maximum  speeds. 

This  transmitter  would  easily  work  eighteen  hundred  receivers,  and  actually, 
at  the  present  time,  does  work  over  five  hundred. 

The  transmitter  is  furnished  with  a galvanoscope,  which  shows  when  a current 
passes,  and  two  switches,  one  commanding  the  electric  motor,  and  the  other  the 
relays.  When  the  two  switches  are  turned  on  the  motor  works,  the  cylinder 
turns,  the  relays  close  the  circuits,  and  the  type-wheels  of  all  the  receivers 
revolve  synchronously  with  the  cylinder  of  the  transmitter.  When,  by  depress- 
ing a key,  the  cylinder  is  stopped  by  the  operator  in  a certain  position,  all  the  < 
currents  are  simultaneously  interrupted  and  all  the  type-wheels  stop  in  the  same 
position  as  the  cylinder.  It  is  at  this  instant  that  the  current  passes  in  the 
second  wire  and  causes  the  attraction  of  an  armature,  which  lifts  the  tape  of 
paper  against  the  wheel  so  as  to  produce  the  impression. 

The  Relays. — It  would  be  difficult  to  transmit  and  to  regulate  the  currents 
supplied  to  the  ‘various  lines  if  they  were  emitted  directly  from  the  same  battery, 
and  therefore  a separate  battery,  connected  by  means  of  a relay,  is  used  for 
every  line.  This  plan  makes  it  easy  to  localise  and  remedy  any  interruption 
to  the  working  that  may  occur.  The  contacts  made  by  the  transmitter  act  only 
on  two  distinct  circuits,  each  of  which  consists  of  a number  of  relays,  the 
electro-magnets  of  which  are  joined  up  in  series.  One  group  of  relays  com- 
mands the  rotation  of  the  type-wheels,  and  the  other  commands  the  printers  or 
armatures  that  press  the  tapes  against  the  type-wheels. 
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Fig.  894  represents  one  of  these  relays  half-size.  It  consists  of  two  short 
electro-magnets  placed  vertically,  and  having  a horizontal  armature  which  turns 
on  a pivot  at  the  end.  The  armature  is  held  back  by  a spring,  the  tension  of 
which  is  carefully  regulated,  so  as  to  give  it  but  little  play.  When  the  transmitter 
sends  a current  through  the  relays,  the  armature  is  drawn  down  and  closes  Ihe 
battery  contact  of  the  corresponding  line  by  bringing  together  two  copper 


Fig.  894. — The  Relay. 


points,  one  of  which  is  fixed,  and  the  other  carried  by  the  armature  itself. 

he  cores  of  the  magnet  are  short,  split,  soft  iron  tubes,  which  admit  of  being 
successively  magnetised  and  demagnetised  with  great  rapidity.  The  line  is 
discharged  by  means  of  a condenser  to  prevent  sparking. 

nni  Automatic  Fainting  Instrument— \\r ^ have  already  pointed 

workW  receivers  in  use,  differing  in  size  and  speed  of 

fnrt  \ instrument  for  printing  general  news  is  the  smallest,  and  is,  in 
fin.n  ordinary  Morse  embosser.  The  receiver  for  the 

whirh^  >-epresented  in  Fig.  895.  It  has  two  type-wheels,  each  of 

also  carries  a ^ distinct  positions  by  sliding  lengthwise  on  an  axle  which 

carries  an  escapement-wheel  having  teeth  of  a particular  form.  A clutch 


900 


Electricity  in  the  Service  of  Man. 


the  end  of  a lever,  attached  to  the  armature  of  an  electro-magnet,  restrains  or 
liberates  the  escapement-wheel  as  the  armature  oscillates  under  the  action  of  the 


Fig.  895. — The  Receiving  Instrument 


electro-magnet.  Each  type-wheel  carries  on  its  edge  twenty-eight  characters  and 
two  blank  spaces.  One  wheel  has  all  the  letters,  and  the  other  the  figures  and 
punctuation  stops  that  have  to  be  printed — there  being  sixty  signs  in  all.  The 
attraction  of  the  armature  under  the  influence  of  a single  emission  of  current 
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makes  the  type-wheel  turn  through  the  space  of  one  letter ; the  return  of  the 
armature  under  the  action  of  a counteracting  spring  at  the  instant  of  the  ceasing 
of  the  current  also  causes  the  wheels  to  advance  another  letter.  Fifteen  emis- 
sions of  current,  therefore,  give  to  the  type-wheel  a complete  revolution.  The 
operator  can  produce  any  impression  he  likes  with  either  of  the  wheels  by  first 
causing  it  to  stop  on  one  of  the  blanks,  and  then  bringing  into  action  the  print- 
ing system  commanded  by  the  second  circuit.  In  this  position  of  the  wheel  the 
printing  lever  acts  on  a special  mechanical  arrangement  which  moves  the  type- 
wheels  lengthwise  in  one  direction  or  the  other,  so  as  to  bring  either  the  letter- 
wheel  or  the  figure-wheel  above  the  strip  of  paper.  This  motion  of  the  wheels 
on  the  axis  can  only  be  produced  when  the  wheels  are  stopped  on  one  of  the 
blanks.  The  printing  apparatus  commanded  by  the  second  circuit  raises  the 
paper  against  the  wheel  above  it,  so  as  to  print  the  letter  or  figure,  and  then 
jerks  it  forward  by  means  of  a grip  so  as  to  space  off  the  next  letter.  All  the 
motions  necessary  to  produce  the  impressions  are  thus  produced  by  two  electro- 
magnets worked  by  two  distinct  circuits  without  any  mechanism  resembling 
clockwork. 

The  instruments  of  the  second  and  third  class,  having  single  type-wheels,  are 
simpler  in  their  action  than  that  of  the  first  class,  which  is  represented  in’  the 
figure  ; and  still  more  recently  a column-printing  instrument  has  been  introduced 
which  prints  the  message  in  successive  lines  like  an  ordinary  type-writer. 

It  is  now  easy  to  understand  the  general  working  of  the  system.  Let  us,  for 
the  moment,  confine  our  attention  to  the  line  traversing  one  district,  and  dis- 
pense with  the  relay,  supposing  the  contacts  to  be  produced  and  the  currents 

forwarded  by  the  transmitter  directly.  This  simplification  does  not  change  the 
principle  of  action. 

The  motion  of  the  revolving  commutator  causes  the  circuits  to  be  alternately 
made  and  broken,  and  short  currents  to  be  in  consequence  sent  to  the  receivers. 
Here  these  currents  give  periodic  impulses  to  the  clutch  which  catches  the 
toothed  wheel  attached  to  the  type-wheel.  The  result  is  that  the  type-wheel  of 
the  receiver  and  commutator  of  the  transmitter  revolve  synchronously.  When 
the  commutator  stops,  the  type-wheel  stops  in  the  same  position.  If  at  this 
instant  the  second  or  printing  circuit  be  closed  by  the  operator,  the  current  that 
Hows  lifts  the  printer  and  impresses  the  corresponding  letter  on  the  tape.  When 
the  operator  releases  the  key,  the  commutator  and  the  type-wheel  revolve  again 
until  another  key  is  depressed  or  the  switch  turned  off. 

We  have  not  space  to  notice  the  many  ingenious  details  that  have  been 
devised  by  the  inventor  and  engineer  of  the  company  for  securing  absolute 
regularity  and  synchronism  in  all  the  instruments.  By  a very  ingenious  device 
r.  igginj  the  inventor,  the  wheel  of  every  receiver  sets  itself  at  zero  when 
he  current  is  first  started.  If,  therefore,  by  accident  or  intention  a type-wheel 

currlrtf  r!.  transmitter,  immediately  the 

1 back  to  zero.  The  receivers  require 

little  attention  beyond  the  occasional  renewal  of  the  tapes.  The  engineer 
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at  the  central  office  has  everything  so  entirely  under  control,  that  he  can  detect 
and  localise  any  defect  in  a very  few  minutes,  and  has  at  hand  the  means  of 
promptly  remedying  it.  On  the  whole,  the  work  of  this  company  is  one  of  the 
most  useful,  as  well  as  one  of  the  most  interesting  products  of  the  fruitful 
alliance  of  mechanical  science  with  electricity. 

CONNECTIONS  AND  AUXILIARY  APPARATUS. 

Relay  Apparatus. — As  a current  which  comes  from  a distance  is  often  so 
weak  that  it  is  insufficient  to  work  the  electro-magnet  that  marks  the  paper,  the 
relay  is  used,  and  a strong  current  is  sent  from  a local  battery  through  the  re- 
ceiving instrument.  The  relay  is  a delicate  form  of  electro- magnet,  resembling  the 


Fig.  896. — American  Relay. 


sounder,  hut  having  for  object  simply  the  closing  of  a contact,  so  as  to  bring  a local 
battery  into  play.  A great  many  different  relays  have  been  constructed,  but 
they  all  may,  however,  be  grouped  in  two  classes,  namely,  polarised  and  non- 
polarised relays.  The  former  are  more  frequently  used  in  England  than  the 
latter,  and  are  so  called  because  their  armatures  are  polarised  either  by  means  of 
permanent  magnets  near  them,  or  by  being  themselves  the  poles  of  permanent 
magnets.  One  of  the  oldest  non-polarised  American  relays  is  shown  in 
Fig.  896.  The  brass  plate  a a is  fastened  upon  the  block  a a,  and  carries  the 
electro-magnets  e Ep  the  iron  cores  of  which  are  connected  with  each  other  by 
means  of  the  iron  piece  m.  The  bearings  for  the  lever  c.  with  its  armature  ky 
are  attached  to  the  pillar  b.  The  motion  of  this  lever  is  limited  by  the  contact 
screws  e f fastened  to  the  support  d,  which  is  insulated  and  fixed  upon  a a. 
The  spiral  spring  /q,  the  tension  of  which  can  be  regulated  by  means  of  the 
guiding  piece  g^  moving  upon  gg,  keeps  k from  being  attracted.  The  support 
is  connected  with  the  binding  screw  h ; and  screw  e,  which  has  a contact  pm 
at  the  upper  end  towards  the  lever  c,  is  connected  with  the  second  binding 
.screw  i.  The  screw  <r  is  mounted  with  ivory,  and  therefore  does  not  influence 
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the  current.  The  local  circuit,  which  contains  the  local  battery  and  the  writing 
apparatus,  is  closed  at  t and  /i.  When  even  a very  weak  line  current  passes 
through  the  coils  of  the  electro-magnet  e Ej,  it  will  cause  it  to  attract  k,  and 
contact  will  be  made  between  c and  e.  The  current  from  the  local  battery 
reaches  the  support  g through  /i,  flows  through  spring  /ly  the  lever  c,  and 
screw  e c,  from  there  through  d and  /,  and  so  into  the  writing  apparatus.  As 
every  line  current  which  reaches  the  relay  acts  in  the  way  described  above, 
it  is  evident  that  the  relay  sends  a powerful  local  current  instead  of  the  weak 
line  current  into  the  writing  apparatus,  and  thus  produces  a distinct  writing, 
no  matter  whether  the  sending 
station  be  at  a short  or  long 
distance. 

Siemens’  Polarised 
Relay. — A polarised  relay  by 
Siemens  is  shown  in  Fig.  897. 

Down  the  side  of  the  instrument 
and  bent  underneath  it,  passes 
the  hard  steel  permanent  magnet 
s N,  the  upper  or  s end  of  which 
is  slit  so  that  a soft  iron  lever  can 
be  pivoted  in  the  slit  at  a.  Upon 
the  horizontal  arm  of  the  perma- 
nent magnet,  which  is  bent  at 
right  angles,  the  electro-magnet 

E E is  placed,  and  connected  by  Fig.  897. —Polarised  Relay, 

means  of  the  iron  piece  vi.  The 


cores,  which  pass  through  the  plate  a,  have  movable  pole-pieces  b b,  which  are 
kept  in  the  desired  position  by  the  screws  <r  c.  The  armature  is  represented  by 
the  lever  a,  pivoted  at  a between  the  south  poles  s s of  the  permanent  magnet. 
The  play  of  the  lever  is  horizontal  from  side  to  side,  and  is  limited  by  the  contact 
screws  r t,  one  of  which  ends  in  an  agate  point,  and  the  other  is  insulated  by  means 
of  the  gutta-percha  pieces  k k,  and  can  be  adjusted  by  means  of  the  screw  d.  The 
electro^magnet  e e being  placed  upon  the  north  pole  n of  the  permanent  magnet 
he  poles  b b have  north  magnetism,  whilst  a has  south  magnetism.  The  one  or 
t e otier  pole  may  be  made  to  prevail  by  adjusting  the  lever.  The  action  is 
erefore  as  follows  : The  pole  n of  the  permanent  magnet  n s induces  south 
polarity  in  the  bar  and  the  ends  of  the  cores  next  it,  and  therefore  causes 
north  polarity  m the  ends  of  the  cores  remote  from  it.  Again,  the  pole  s s 

sLth  TOk  ^ pivoted  to  it,  and 

of  this^k  ^ the  end  which  moves  between  the  poles  bb.  The  continuation 

When  ihT  ^ non-magnetic  metal,  which  is  not  alfected  by  n s. 

disknt  fromr^R  it  remains  equi. 

straws  the  lever  to  it.  When  the  relay  is  at  rest  this  is  its  position,  the  leve, 
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then  touching  the  agate  point.  When  the  line  current  enters  the  coils  of  the 
electro-magnets  e e the  poles  are  changed,  that  at  the  end  b of  i being 
strengthened  as  a north  pole,  and  that  at  the  end  b ofii  being  either  weakened  or 
reversed  to  a south  pole.  Hence  the  lever  is  drawn  from  the  agate  point  to  the 
opposite  metal  point  t,  and  remains  in  contact  as  long  as  the  line  current  flows, 

but  falls  away  when  this  current  ceases. 
The  contact  closes  the  local  circuit  which 
works  the  instrument.  The  resistance 
wound  on  the  electro-magnet  e e depends 
on  the  working  conditions. 

Lightning  Plates. — For  the  com- 
pletion of  a telegraphic  system,  besides 
the  apparatus  described,  a galvanoscope 
and  some  arrangement  for  protection 
against  lightning  are  required.  The  gal- 
vanoscope is  used  to  indicate  the  pre- 
sence or  absence  of  a current  in  the 
circuit,  the  direction  of  the  current,  a 
test  as  to  whether  the  apparatus  is  properly 
joined,  and  the  presence  of  any  faults  in 
the  line.  Leads  that  are  on  the  outside 
of  buildings  have  to  be  protected  against 
lightning,  that  is,  every  lead  has  to  be 
connected  with  a lightning  protector. 
This  is  necessary  both  for  the  protection 
of  persons  employed,  and  also  for  that  of 
the  apparatus.  Different  forms  have  been 
given  to  these  lightning  protectors. 
Br^guet’s,  for  instance,  consists  of  brass 
plates,  the  toothed  edges  of  which  come 
very  close  to  each  other,  so  that  the  in- 
terval can  be  leaped  over  by  currents  of 
high  potential,  but  not  by  an  ordinary 
working  current.  The  plates  by  Siemens  and  Halske,  shown  in  Fig.  898,  are  very 
largely  used  at  the  present  time.  Two  cast-iron  plates  Pg  are  fastened  upon 
the  cast-iron  base-frame  G G,  being  grooved  on  their  surfaces,  and  insulated 
by  means  of  india-rubber  plates.  Opposite  p^  p^  is  placed  the  grooved  cast-iron 
plate  d;  a distance  of  about  o’oaofaninch  is  left  between  the  grooves  of  the 
former  and  the  latter ; s s are  steel  pins,  which  fit  in  the  holes  of  plate  d ; d and 
G are  connected  with  the  earth-leads  e ; plate  Pj  is  connected  with  a line  L and 
apparatus  a,  and  plate  Pj  is  connected  with  line  and  Aj.  The  current 

coming,  for  instance,  from  the  line  will  flow  through  the  plate  Pj  and  then 
through  Aj  to  the  apparatus,  and  from  thence  to  earth,  or  through  a,  plate  Pj, 
and  the  line  l to  the  next  station.  Atmospheric  electricity  arriving  from  Lj, 
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however,  will  spark  across  the  short  air-gap  and  pass  through  plate  Pg  and  d,  and 
then  to  earth. 

Siemens’  plate  may  also  be  used  for  changing  the  line  connections.  For  this 
purpose  the  holes  i,  2,  and  3 are  bored  in  it,  and  fitted  with  the  plug  s ; but, 
under  ordinary  circumstances,  s is  inserted  in  the  wooden  knob  k.  When  s is 
inserted  in  the  bore  i,  plate  Pj  is  connected  with  d,  i.e.  line  l and  a are  con- 
nected with  the  earth ; the  same  happens  with  Lj  and  Aj  by  inserting  s into  2. 
By  inserting  s into  3,  p^  and  Pg  are  connected  with  each  other,  or  (which  comes 
to  the  same  thing)  with  l and  Lj,  so  that  their  own  station  apparatus  is  excluded. 
The  apparatus  just  described  is,  as  a rule,  covered  with  a wooden  case  h h, 
which  is  screwed  to  the  table.  The  case  has  only  one  opening,  which  is  opposite 
the  hole  3. 


Connections— In  order  that  the  mode  of  action  of  the  Morse  system, 
when  completed  with  all  necessary  connections,  may  be  understood,  we  shall 
wkh  consider  the  connection  of  the  several  portions  of  the  apparatus 

h each  other,  and  also  with  the  apparatus  of  another  station,  etc 

"i*  relays,  wo'rked  by  single 
urrents.  The  lightning  apparatus  and  galvanoscope  are  here  left  out.  m and 

““‘acts,  “/the 

magnets  of  the  relays.  contact  levers  of  the  relays,  a,  the  electro  magnets 
of  the  writing  apparatus,  cz  and  cz  sending  batteries  c,  z and  c a Ind 

connected  by  means  of  the  line  l and  earth-lead  e e.  When  one  station  wishes 
‘al^S^am  to  another,  the  following  circuit  can  be  closed  by  pressing 
own  the  key  m upon  o,  so  as  to  ciose  the  contact  at  o,  and  at  the  Lme  timf 
open  the  contact  at  p:  From  one  pole  c of  the  sending  battery  the  current 

pole  z ofthe/nTng/Sn^llston^^^^^^^^ 
at-tsitsarmature,  contact  is  made  at  w,aXToS^ 
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station  closed.  The  current  now  flows  from  one  pole  of  the  local  battery  into 
the  electro-magnet  of  the  writing  apparatus  through  the  line  /j,  over  hence 
it  proceeds  to  the  second  pole  and  so  back  to  the  local  battery.  The  magnet 
of  the  writing  apparatus  attracts  its  armature,  presses  the  pencil  or  printing*wheel 
against  the  strip  of  paper,  and  reproduces  the  sign  given  by  the  key  m. 

Ink  writers  are,  however,  more  frequently  used  without  relays.  In  this  case 
the  ink  writer  is  substituted  for  the  relay  and  local  battery,  but  otherwise  the 
figure  serves  for  both  cases. 

The  connection  of  an  end  station  by  means  of  a relay  is  shown  in  Fig.  900. 
G represents  a galvanoscope,  and  b a lightning  plate.  The  current  arriving  from 

L flows  over  2 into  the  plate  ^ ^ of  b 
through  the  battery  and  the  galva- 
nometer G,  and  then  through  the  key  t, 
which  is  connected  with  the  electro- 
magnet of  the  relay  ; it  then  flows  through 
the  plate  aa  oi  the  lightning  conductor 
over  I to  earth.  When  the  current  is 
interrupted  the  spring  r of  the  relay  takes 
off  the  lever  from  the  contact  c,  and 
makes  contact  at  d,  and  thus  the  local 
circuit  is  closed  as  follows  : The  current 
flows  from  the  local  battery  b,  over  5 to 
d,  through  R into  the  writing  apparatus  a, 
and  from  here  over'  6 and  back  to  the 
battery.  For  every  interruption  of  cur- 
rent in  the  circuit  a sign  is  produced  in 
the  writing  apparatus  of  the  end  station. 
If  the  station  is  an  intermediate  one,  and 
Fig.  90CX— A Morse  End  Station.'  not  an  end  Station,  the  connection  has 

to  be  slightly  altered;  this  alteration  is 
indicated  by  the  thin  lines  in  Fig.  900.  The  change  is  as  follows : The  plate  a 
of  the  lightning  plate  is  not  connected  by  means  of  i to  the  earth-leads,  but  is 
joined  to  the  line  l^.  The  system  used  is  a closed  circuit  one. 

Intermediate  and  Terminal  Stations. — Arrangements  are  some- 
times used  to  send  on  telegrams  through  an  intermediate  station  to  the  end 
stations  automatically,  when  the  distance  between  the  sending  and  receiving 
stations  is  considerable.  The  arrangements  have  to  be  different  for  the  Morse, 
the  Hughes,  and  the  automatic  apparatus.  For  the  Morse  apparatus  the  con- 
nection is  shown  in  Fig.  901.  The  lines  Lo  are  connected  by  the  clamps 
2 and  3 to  the  relay  levers  /q  and  at  the  intermediate  station.  The 

contact  rj  is  connected  with  the  electro-magnet  and  the  contact  r.,  with 
the  electro-magnet  R^  The  contacts  and  t.  are  usually  connected  wth 

one  and  the  same  battery  B.  If,  however,  the  resistances  in  the  lines  ainer 
very  much,  a more  power.^ul  current  is  used  for  the  larger  resistance  t an 
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for  the  smaller.  A telegram  arriving,  for  instance,  through  Lj  is  transmitted 
in  the  following  manner ; The  currents  from  enter  at  2,  flow  over  to  rj, 

through  the  coils  of  the  electro-magnet  Rg  and  then  over  Ej  to  earth.  In 

their  passage  these  currents  act  on  the  relay  and  bring  into  play  the  battery  b at 
the  intermediate  station,  for  Rg  attracts  its  armature,  and  causes  the  lever  he  to 
make  contact  with  Now  as  one  pole  of  battery  b is  connected  to  earth  by 


Fig.  901. — Connection  of  Intermediate  Station. 


means  of  4,  when  the  contact  is  closed  by  the  relay  the  current  flows  from  the 
second  pole  over  5,  /g,  the  lever  and  thence  over  3,  to  the  line  A similar- 
action  takes  place  when  the  sending  occurs  in  the  other  direction.  A current 
coming  from  Lg  flows  over  3 //g,  rg,  r^,  e^,  to  earth,  whereby  is  caused  to  make 
contact  with /i,  and  a current  is  sent  from  battery  b over  5 and  2,  into 

llrl6 

Fig.  902  shows  the  connection  of  apparatus  for  a station  which  is  to  be  used 
ei  her  as  an  intermediate  or  as  an  end  station,  and  indicate  the  commu- 
contacts  and  and  Tg  are  Morse  keys.  By  pushing 

the  the  right  so  that  makes  contact  with  b^,  and  >feg  with  ^3, 

station  IS  connected  as  an  intermediate  station.  If,  for  instance,  a current 
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arrives  from  Lj  it  will  flow  over  2 rj,  to  the  contacts  of  key  To,  then 

through  the  electro-magnet  Ro,  over  i to  earth  at  E.  The  relay  is  by  this 
means  brought  into  play,  and  the  lever  hn  makes  contact  at  sending  the 
current  of  battery  b over  5 and  3 to  line  Lj.  When  the  handles  are 

pushed  to  the  left  a current  arriving  from  Lo  flows  over  3 a^,  Tj,  into  the 

coils  of  the  electro-magnet  Ro,  and  from  here  over  i to  earth  e.  Although  the 
lever  makes  contact  with  /o  the  battery  is  not  connected  with  line  or  Lj,  as 
may  be  seen  from  the  figure,  and  therefore  the  station  acts  as  a terminal 
receiving  station.  We  need  hardly  mention  that  polarised  relays  may  be 
advantageously  used  for  transmission  in  all  these  cases. 

It  would  not  be  advisable  to  employ  the  Hughes  apparatus  at  the  intermediate 
station  in  the  same  manner  as  the  Morse  apparatus  is  connected,  first,  because 
the  Hughes  apparatus  is  too  expensive;  and,  secondly,  because  it  would  be 

necessary  to  employ  four  Hughes  instruments, 
which  would  have  to  be  made  to  move  syn- 
chronously. Many  proposals  have  been  made 
for  transmission  on  to  a Hughes  apparatus,  but 
we  need  only  describe  one  of  them,  namely,  the 
arrangement  shown  in  Fig.  903. 

R and  Ri  represent  Siemens’  polarised  relays, 
rr^  and  being  their  contacts.  The  lines  l 
are  joined  to  the  relay  levers  at  h and  h-y,  and  are 
connected  with  the  electro-magnet  through  a and 
w and  Wj  are  inserted  resistances ; a is  further 


Fig. 


903. — Connection  for  the 
Hughes  Apparatus. 


connected  with  the  contact  r-^,  and  with  the 


contact  r.  The  contacts  t and  are  connected 
with  the  zinc  pole  of  battery  B.  The  second  ends  of  the  wires  of  the 
electro-magnet  are  joined  to  the  earth-leads  e.  As  the  resistance  w is  equal 
to  half  the  resistance  of  line  l,  and  resistance  W;^  to  half  the  resistance  of  l^. 


the  resistance  which  the  circuit  offers  to  the  electro-magnet  of  the  relay  R 
is  equal  to  f of  the  resistance  of  l,  and  the  resistance  which  it  offers  to  the 
electro-magnet  of  Rj  is  equal  to  ^ of  the  resistance  of  L^.  When  a current 
passes  through  the  line  Lj  to  the  intermediate  station,  it  flows  in  the  following 
directions  : The  line  current  divides  at  h-^  into  two  portions,  the  larger  of  which 
flows  through  the  rod  which  offers  it  the  least  resistance,  that  is  over  r^^  or 
through  the  coils  of  the  electro-magnet  r,  and  then  to  earth  e ; the  weaker 
portion  flows  from  h-^  through  the  resistance  w^,  until  it  reaches  a-^ ; here  it 
divides  again — one  branch  flows  from  a-^  through  the  coils  of  R^,  and  then  to 
earth  ; the  other  flows  from  over  r and  h to  the  line  l.  The  strongest  of  these 
three  branch  currents,  that  is  the  one  over  reaches  the  coils  of  the  electro- 
magnet R,  and  causes  the  lever  of  R to  make  contact  with  t,  thus  making  t e 
passage  of  the  current  of  battery  b as  follows : From  u,  over  /,  through  the 
lever  of  the  relay  to  h,  and  then  to  the  line  l ; no  resistance  being  inserted 
here,  the  greater  portion  of  the  battery  current  will  flow  to  the  Hug  es 
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apparatus  at  the  end  station.  As  h is  connected  with  a,  a branch  current  will 
also  take  this  course,  but  in  consequence  of  the  inserted  resistance  at  w,  will 
only  be  a very  weak  one.  This  branch  current  again  divides  at  one  part 
flowing  through  the  coils  of  R to  earth,  whilst  the  other  part  flows  over  and 
as  counter  current  into  the  line  and  from  there  to  the  Hughes  apparatus. 
The  electro-magnet  r is,  therefore,  influenced  by  two  currents,  one  coming 
through  /q  namely,  the  line  current  •,  the  other  coming  from  b over  u t h 
and  a,  namely,  the  battery  current.  The  latter 
circulates  through  the  coils  of  th.e  electro* 
magnet  at  the  very  moment  when  the  former 
causes  the  lever  of  r to  make  contact.  The 
first  current  having  the  direction  opposite  to 
that  of  the  latter,  it  follows  that  the  battery 
current  will  cause  the  lever  of  the  relay  r 
to  be  brought  back  again  upon  the  contact  r. 

When  the  Hughes  apparatus  is  used,  it  is  neces- 
sary to  employ  the  opposition  current,  which 
will  force  back  the  armature  at  the  required 
moment  into  its  first  position,  that  is  to  say, 
the  position  of  rest. 

Calls  and  Alarms.  — To  signal  from 
one  station  to  another,  bells,  as  a rule,  are 
used.  These  bells  are  generally  similar  to 
those  already  described  when  we  were  con- 
sidering the  telephone  installations.  Fig.  904 
represents  a simple  and  common  form  of 
bell,  the  hammer  of  which  is  attached  to  the 
armature  of  an  electro-magnet.  The  current 
enters  the  screw  a,  flows  through  the  coils  of 
the  electro-magnet  m m,  and  passes  to  the 
screw  d and  spring_/j  which  carries  the  arma- 


Fig.  904.— Electric  BelL 


ture  a;  from /the  current  flows  through  the  contact  pin  ^ to  the  second  terminal 
clamp  b.  The  armature  is  attracted  by  the  magnet,  and  the  hammer  k of  the 
arm  b strikes  against  the  bell  g ; whenever  this  happens  the  contact  is  broken 
contaTagyn  armature  returns  to  its  original  position  and  makes 

havJdltf'-K^i'  Leads.-Many  of  the  arrangements  and  precautions  which  we 
ave  described  in  connection  with  telephone  installations  are  applicable  to 

of  pfra^el  B r against  the  induction 

head  o if  l"^es  are  either  constructed  of  bare  wires  run 

;;  underground  or  under  the 


over- 


mav\/of ' “<1  iusulato  s Supports 

Eut  rpi-  --  re-  us 
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The  wood  generally  used  is  either  native-grown  larch  or  Scotch  fir.  To  prevent 
decay  the  wood  is  usually  seasoned  and  dressed  or  pickled.  The  seasoning  is 
for  the  purpose  of  getting  rid  of  the  sap,  and  is  effected  best  by  exposure  to  free 
currents  of  air.  The  means  used  for  the  preservation  of  timber  may  be  applied 
externally  or  internally. 

Charring,  and  tarring  are  external  applications.  The  charring  consists  in 
roasting  the  butt-end  of  the  pole  over  a slow  fire.  The  tarring  coats  the  thick 
end  with  a mixture  of  three  parts  of  Stockholm  tar,  seven  parts  of  gas-tar  well 
boiled,  and  three  parts  of  slaked  lime.  Wood  is  kyanised  by  impregnating  it 
with  certain  metallic  salts,  such  as  corrosive  sublimate  (perchloride  of  mercury). 
Chloride  of  zinc,  and  copper  sulphate,  have  also  been  used  in  a similar  way,  and 
the  three  methods  have  been  named  after  their  respective  discoverers  Kyan, 
Burnet,  and  Boucher. 

Another  useful  application  is  creosote,  an  oily  coal-tar  product  formed  in  the 
distillation  of  coal.  It  is  prophylactic  and  antiseptic,  preventing  disease  and 
destroying  the  germs  of  animal  life,  besides  which,  when  forced  into  the  pores 
of  the  dried  wood,  it  makes  it  impervious  to  moisture.  Of  all  the  processes 
for  the  preservation  of  timber,  creosoting  has  given  the  most  general  satis- 
faction. 

The  Wires. — In  the  early  days  of  telegraphy  iron  was  the  only  material 
practically  available  for  the  lines,  although  as  compared  with  copper  it  has  a 
much  higher  specific  resistance.  But  more  recently,  owing  to  improvements  in 
the  manufacture  of  copper  wire,  it  is  possible  to  obtain  the  requisite  tensile 
strength  for  overhead  lines,  so  that  this  material,  with  its  better  conductivity,  is 
rapidly  replacing  the  older  one. 

Insulators. — Of  the  substances  in  the  list  of  non-conductors  on  page  36, 
some  may  be  excluded  for  the  purpose  before  us  on  account  of  want  of 
durability. 

Glass  possesses  high  resistance  to  the  passage  of  electricity,  and  has  a 
smooth  hard  surface;  but  it  condenses  the  moisture  from  the  air  on  the 
surface  so  as  to  destroy  the  insulation,  and  is  very  brittle.  Ebonite  offers 
a very  high  resistance  and  is  strong,  but  its  surface  deteriorates  rapidly, 
becoming  cracked  and  fissured,  so  as  to  retain  both  dirt  and  moisture. 
Earthenware  is  the  material  from  which  most  of  the  insulators  are  made,  the 
better  kinds  being  of  glazed  porcelain,  the  commoner  of  -glazed  brown  pot- 
tery ware.  The  form  given  to  these  is  usually  that  of  an  inverted  cup  or  bell. 
The  most  perfect  form  of  insulator  is  that  in  which  the  surface  exposed 
is  a minimum,  and  the  wire  is  as  far  as  it  can  be  from  the  main  support. 
That  which  is  in  most  general  use  in  England  is  the  insulator  of  Mr.  C.  F. 
Varley.  It  is  made  in  porcelain  and  also  in  brown  earthenware,  and  is 
shown  in  Fig.  905.  It  consists  of  two  distinct  and  separate  inverted  cups 
{a  and  b\  fitted  into  each  other  by  cement.  The  inner  cup  screws  into  the 
outer,  and  is  cemented  to  an  iron  stem  c,  which  serves  as  a bolt  to  fix  it  to  the 
cross-bar  or  arm  d.  The  wire  is  placed  in  the  groove  of  the  insulator  and  ver>- 
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tightly  bound  to  it.  The  two  cups  have  also  (Fig.  906)  been  made  in  one  by 
being  united  at  the  upper  end.  Another  insulator,  introduced  by  Messrs.  Johnson 
and  Phillips,  is  an  inverted  porcelain  bell  curved  inwards  at  the  bottom  so  as  to 
form  a ledge  or  furrow  all  round  it.  This  channel  is  filled  with  an  insulating  oil. 

The  supports  for  the  insulators  are  either  wooden  arms  or  iron  brackets. 
The  arms  in  England  are  formed  of  oak. 

No.  16  galvanised  iron  wire  is  employed  for  binding  purposes.  The  form 
of  joint  now  adopted  is  that  introduced  by  Mr.  Edwin  Clark,  and  known  as  the 
Britannia  joint.  The  ends  of  the  wires  are  carefully  scraped  clean  for  about  two 


Fig.  905. — Varley’s  Insulator. 


Fig.  906. — Double-shed  Insulator. 


inches,  and  laid  one  over  the  other,  they  are  then  bound  firmly  together  with 
wire,  are  smeared  with  chloride  of  zinc,  and  solder  is  applied  in  the  usual  way. 


AUTOMATIC  TELEGRAPHY. 

The  object  of  automatic  telegraphy  is  to  give  the  telegraphic  signs  more 
quickly  and  more  correctly  than  they  can  be  given  by  the  hand.  The  hand 
of  the  operator  has  a limited  speed  of  working,  and  both  that  and  the  atten- 
tion or  mental  strain  soon  tire.  Hence  the  messages  sent  by  hand  soon  lose 
their  clearness.  Moreover,  interruptions  and  varying  conditions  of  health  tend 
also  to  render  hand-signals  illegible.  Mechanical  means  therefore  have  been 
devised  for  assisting  the  sending  clerk,  and  securing  precision.  Bain  first  pro- 
posed a plan  in  1846  to  work  with  his  chemical  marking.  He  punched  holes 
and  slits  in  a ribbon  of  paper  to  mark  the  dots  and  dashes  of  the  messages,  and 
by  drawing  the  ribbon  at  a uniform  speed  beneath  conducting  brushes  over  a 
metal  roller,  caused  contact  to  be  made  at  corresponding  intervals. 
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The  ^A/^heatstone  System. — Wheatstone’s  system  of  punching  has  re- 
placed Bain’s  so  far  as  England  is  concerned.  The  punching  is  done  by  a special 
instrument  called  a pevfoTcitoT . It  has  three  keys^  one  of  which  is  connected 
with  a single  punch;  a second  moves  a single  punch  in  a line  with  the  first, 
together  with  two  other  punches,  one  above  and  the  other  below;  the  third 
key  works  two  punches  in  a line  with  the  first,  together  with  a punch 
above  the  first,  and  another  punch  below  the  second.  Whenever  a key  is 
depressed  the  paper  is  jerked  a step  forward.  The  marks  made  by  the 
three  keys  are  therefore  as  follows  : — first  o , second  8 , third  8 g The  first  is 
understood  to  mark  a space,  the  second  a dot,  the  third  a dash.  When  the 
punched  paper  is  drawn  by  clockwork  through  the  transmitter  by  means  of 
a spur  wheel  that  catches  in  the  central  line  of  holes,  the  side  holes  let  pins 
on  an  oscillating  lever  make  contact  alternately  with  the  positive  and  the 
negative  pole  of  the  battery.  The  holes  for  a dot  allow  a reversal  of  current 
at  each  oscillation  ; those  for  a dash,  at  each  second  oscillation.  The  receiver 
is  an  ink  writer  of  a sensitive  kind,  so  constructed  that  to  make  the  disc  mark  a 
current  has  to  be  sent  in  one  direction  and  has  to  be  followed  by  a current  in 
the  opposite  direction.  A dot  is  written  by  sending  a transient  current  in  one 
direction  to  move  the  disc,  another  immediately  after  to  bring  it  back.  A dash 
is  written  when  the  reverse  current  follows  the  first  at  a longer  interval.  But 
these  currents  are  just  what  are  produced  by  the  contacts  through  the  punched 
paper  in  the  transmitter. 

The  following  is  a word,  as  it  appears  on  the  punched  ribbon  : 


) ooo  ooooooo  o oooo  ooo  ooo) 
lOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO/ 
> ooooooo  ooo  oooo  o ooo  ooo) 

w HEATST  O NE 

This  automatic  apparatus  is  used  in  England  for  ordinary  messages  on  long 
lines  that  are  much  worked,  and  for  the  transmission  of  news  on  lines  to 
provincial  centres.  Several  clerks  can  be  punching  the  messages  as  they 
arrive,  while  another  is  transmitting.  The  rate  at  which  the  latter  clerk  can 
despatch  the  message  is  more  than  double  that  at  which  he  could  send  with  a 
Morse  key.  The  speed  of  working  on  long  circuits  with  Wheatstone-punched 
ribbon  has  now  reached  400  words  per  minute.  For  short  circuits,  however,  and 
circuits  that  are  not  often  charged  with  a glut  of  work,  it  would  be  a needless 
expense  to  fit  up  this  apparatus,  for  nothing  would  be  gained  by  delaying  the 
transmission  of  the  message  until  it  is  punched,  the  line  and  sender  being  idle 
meanwhile.  The  method  lends  itself  admirably  to  the  transmission  of  news; 
for  one  punched  ribbon  can  be  used  again  and  again  in  wiring  the  same 
message  to  different  centres. 
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Alteneck’s  System. — Fig.  907  represents  the  system  of  Hefner  Alteneck, 
which  may  be  conveniently  described  in  this  place,  as,  although  it  is  worked  by 
keys,  it  combines  some  of  the  time-saving  qualities  of  an  automatic  apparatus. 
The  combination  of  dots  and  dashes  which  form  any  letter  or  sign  are  produced 
by  the  depression  of  a single  key.  Each  key  operates  by  means  of  levers  and 
wheelwork  on  a pointer  connected  with  the  case  d shown  in  the  figure.  There 
are  forty-nine  keys,  here  arranged  in  seven  rows;  the  arrangement  being  such 
that  the  letters,  signs,  etc.,  which  occur  most  often  are  nearest  the  hand.  An 
enlarged  representation  of  a single  section  of  the  case  d may  be  seen  in  Fig. 
908.  Each  key  t is  connected  by  means  of  a lever  with  a vertical  sheet  of 


Fig.  907. — Alteneck’s  Automatic  Telegraph. 


metal  s,  which  has  the  letter  or  sign  of  the  key  filed  out  on  its  free  edge ; oppo- 
site to  these  sheets  of  metal  s,  nineteen  horizontal  metal  strips  q q are  placed, 
and  behind  these  a corresponding  number  of  levers  h,  which  are  also  of  sheet 
metal.  The  reasion  for  this  number  will  be  apparent  on  examining  the  length  of 
the  longest  letter.  A dash  in  the  plate  s will  thrust  in  three  strips,  but  a dot  only 
one.  The  longest  sign  is  the  nought,  which  consists  of  five  dashes,  separated 
by  four  spaces,  and  therefore  requires  sxs-fq,  or  nineteen  strips.  The  levers 
operate  in  the  following  manner  to  liberate  the  case  d,  and  to  allow  it  to  turn 
under  the  influence  of  its  driving  weight : The  rods  «,  which  stand  opposite  the 
edge  of  case  d,  are  fastened  to  the  upper  arms  of  the  levers  h,  and  are  placed  so 
as  to  work  upon  a number  of  little  rods  jj,  which  may  be  pushed  a little  be- 
yond the  surface  of  the  case.  The  edge  a c oi  the  case  has  also  teeth  which  are 
cut  crossways,  and  in  which  the  trigger  / catches.  When  a key,  t,  is  depressed, 
the  strips  of  metal  q q,  corresponding  to  the  projections  on  the  free  edge  of  the 
vertical  metal  plate  s,  are  pushed  forward,  and  affect  the  corresponding  levers  H, 


914 


Electricity  in  the  Service  of  Man. 


which  in  turn  transmit  the  movement  to  the  pins  s.  The  driving  weight  operat 
ing  by  means  of  the  system  of  wheelwork,  tends  to  turn  the  case,  but  the  motion 
is  prevented  so  long  as  the  catch  / lies  between  two  teeth.  When,  however,  a 
pin  .r  is  pushed  forward  by  means  of  «,  the  catch  is  removed  and  the  wheel  is 
allowed  to  turn.  In  this  manner  the  contour  of  s is  reproduced  on  the  edge 

of  the  circumference  of  d. 
The  letters  are  transmitted 
from  D by  means  of  the 
pointer  i,  and  the  bent  lever 
which  is  connected  with  the 
lever  c.  Before  the  action 
begins,  the  contact  lever  c is 
forced  against  the  stationary 
contact  by  means  of  a spring, 
but  when  the  lever  o is  turned, 
the  pin  v is  pushed  out,  and 
c is  forced  against  the  working 
contact.  At  the  same  time 
the  pointer  i,  by  passing  its 
end  over  the  projecting  pins  s, 
brings  about  the  corresponding 
duration  of  current,  as  well  as 
the  appearance  of  the  current 
at  the  right  time.  The  proper  ' 
duration  of  the  current  can  ' 
only  be  obtained  when,  besides 
the  pushing  forward  of  the  pins  J 
s s,  the  pointer  is  also  made  to  , 
movewith  relative  velocity  over  j 
Fig.  908. — Aheneck’s  Automatic  Telegraph.  each  group  of  pins.  To  bring  J. 

about  this  result  the  case, 
which  rotates  in  a jerky  fashion,  is  connected  with  the  pointer  in  the  following 
manner : The  shaft  of  the  case  is  hollow,  and  through  it  passes  the  shaft  of  the ; 
pointer.  The  case,  with  its  fly-wheel  m,  bears  but  lightly  on  the  shaft  m of  the 
pointer,  and  at  this  point  one  end  of  a spiral  spring,  f,  is  fastened  to  m,  while 
the  other  end  is  joined  to  the  frame.  When  the  case  rotates,  the  pointer  moves’ 
with  it,  but  at  the  same  time  the  spring  is  strained,  and  tends  to  bring  the  pointer 
back  to  its  starting  point  a.  Hence  the  projecting  ends  of  the  rods  s move 
across  the  end  of  the  pointer,  and  contact  lasts  for  the  interval  of  a dot  or  dash 
as  the  case  may  be.  To  make  the  motion  uniform,  the  toothed  wheel  k,  which 
is  fastened  to  tn,  drives  a small  wheelwork  which  sets  the  fan  w in  motion  so  as  j 
to  act  as  a regulator.  When  the  telegram  has  been  transmitted,  the  pins  s s,* 
which  had  been  pushed  forward,  are  again  brought  into  their  former  position 
by  means  of  an  inclined  plane  not  shown  in  the  figure. 
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DUPLEX  AND  MULTIPLEX  TELEGRAPHY. 

By  duplex  telegraphy  is  meant  the  sending  of  two  telegrams  in  opposite  direc- 
tions at  the  same  time  through  the  same  wire.  The  various  methods  are  all 
based  on  the  principle  of  registering  alterations  in  the  strength  of  the  current 
flowing  through  the  line.  Such  alterations  have  been  obtained  by  two  methods, 
namely,  (i)  by  using  different  relays,  or,  which  is  the  same  thing,  by  a 
separation  of  the  two  coils  of  a relay,  or  (2)  by  means  of  a Wheatstone  bridge. 

The  Differential  Method. — One  system  is  shown  in  Fig.  909,  in  which 
the  coils  of  the  relay  are  separated  from  each  other.  The  Morse  keys  a a have 
auxiliary  levers  b b,  connected  with  the  relay  coils  and  Rg,  which  are  in- 
dependent of  each  other.  The  batteries  b b are  connected  with  the  Morse  keys  ; 


L represents  the  line  which  connects  the  two  stations  i and  ii  with  each  other. 
The  batteries  of  both  stations,  as  may  be  seen  from  the  figure,  are  put  in  series. 
Let  us  assume  that  the  key  a is  depressed  at  station  i only,  then  contact 
between  b and  c is  broken,  and  the  current  flows  from  the  battery  b over  a 
and  b into  the  coils  r^,  thence  from  the  one  arm  of  the  relay,  and  so  through 
the  line  to  station  ii.  As  the  spring  of  the  relay  lever  is  very  powerful  the 
cu^ent  which  circulates  through  one  arm  only  of  the  electro-magnet  is’  not 
sufficiently  powerful  to  attract  the  armatme.  When  the  current  arrives  at 
station  II  and  reaches  the  coils  of  r^,  it  flows  over  the  contact  b c oi  the 
auxiliary  lever,  and  from  here  through  the  coils  of  the  second  electro-magnet 
arm  R2,  and  so  to  earth  e.  When  the  current  circulates  through  both  arms 
of  the  electro-magnet  of  station  ii,  the  magnet  becomes  sufficiently  powerful 
to  overcome  the  force  of  the  spring. 

depressed  at  the  same  time  the  current  flows  as  follows : 

throlh  the  r "f  1 the  line  L to  station  11, 

hrough  the  coils  of  the  electro-magnet  r„  and  then  over  b and  a,  to  battery  b of 
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II,  and  then  to  earth.  The  relay  of  station  ii  will  not  be  affected  by  the  current, 
because  only  one  arm  of  the  electro-magnet  has  a current  passing  through  it, 
unless  the  batteries  b b of  both  stations  have  been  put  in  series.  By  the 
simultaneous  depression  of  the  keys  of  both  stations  the  coils  of  the  electro- 
magnet R(  are  connected  with  the  battery  of  station  ii,  so  that  the  coils  have 
the  currents  of  both  batteries  flowing  through  them,  and  the  increased  force  of 
attraction  of  the  one  magnet  of  station  ii  is  sufficient  to  overcome  the  force  of 
the  spring.  The  same  holds  good  for  station  i.  The  result  is  that  the  depression 
of  one  key  acts  on  the  distant  station,  but  the  simultaneous  depression  of  both 
keys  acts  on  both  stations.  The  arrangement  therefore  permits  of  telegrams 
being  sent  at  the  same  time  in  opposite  directions  through  the  same  wire. 

The  British  Post  Office  Duplex  System. — The  differential  principle 
is  applied  by  the  British  Post  Office  in  a somewhat  different  and  simpler  manner 
for  duplex  working.  Instead  of  using  the  rather  complicated  key  with  three 
distinct  contacts  at  the  back  (shown  in  Fig.  909),  an  ordinary  Morse  key  is 
employed,  and  the  electro-magnet  signalling  instruments  are  differentially  wound. 
By  this  is  meant  that  each  instrument,  whether  relay  or  galvanometer,  has 
two  distinct  electric  currents  wound  on  the  same  bobbins  in  such  a way  that  the 
magnetic  effect  of  equal  currents  in  the  two  circuits  is  exactly  the  same.  If, 
therefore,  these  effects  oppose  one  another,  the  movable  part  of  the  instrument, 
either  the  tongue  of  the  relay  or  the  needle  of  the  galvanometer,  remains  at  rest 
Now  if  the  two  circuits  are  placed  in  parallel  arc  upon  the  same  battery,  the 
two  currents  will  be  equal  when  the  resistances  of  the  two  branches  are  equal, 
and  any  alteration  of  one  of  these  resistances  will  destroy  the  equality  of  the  two 
currents,  and  this  will  be  indicated  by  the  instrument. 

The  method  of  employing  such  an  instrument  for  duplex  working  is  shown 
diagrammatically  in  Fig.  910.  The  two  relays  r^^  and  r,  at  the  “up”  and  the 
“ down  ” stations  are  exactly  similar  to  one  another,  and  are  differentially  wound 
with  the  two  distinct  circuits  a c and  b d,  whose  resistances  are  accurately  equal 
to  one  another.  When  equal  currents,  having  opposite  magnetic  effects,  flow  in 
both  circuits  of  either  relay,  the  tongue  t remains  against  the  spacing  stop  s. 
If,  however,  the  equality  of  the  currents  be  destroyed  by  partly  or  totally 
suppressing  one  of  them,  the  tongue  x is  brought  against  the  marking  stop 
closing  the  circuit  of  the  local  battery  and  the  receiving  instrument,  which 
circuit  is  not  shown  in  the  figure. 

The  Morse  keys  k„  and  the  batteries  P3  being  connected  up  as  shown, 
the  resistance  is  adjusted  so  that  it  is  equal  to  the  resistance  in  circuit  from  Dj 
through  the  line  wire  and  the  relay  Rg  to  the  earth  plate  Eo,  when  Kg  is  resting 
on  its  back  contact  as  shown.  Similarly  is  adjusted  so  as  to  be  equal  to  the 
resistance  in  circuit  from  Ag  through  Rj^  to  E^.  The  batteries  p^  and  Pg  contain 
the  same  number  of  cells  of  the  same  pattern,  and  have  similar  poles  connected 
to  the  earth  plates  E^Eg,  whilst  the  resistances  are  adjusted  to  be  equal  to 
the  resistances  of  the  batteries  Pj  and  Pg  respectively. 

Consider  now  the  possible  combinations  that  may  occur  in  practice.  First, 
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in  the  case  depicted  in  the  figure  no  current  flows,  since  both  batteries  are  out  of 
circuit.  Secondly,  suppose  the  operator  at  station  i presses  his  key  k^,  whilst 
Kn  remains  in  the  position  shown.  A current  passes  from  to  the  front  contact 
of  Kj  to  Vp  where  'two  paths  are  open  to  it ; one  through  Cj,  A;i,  and  back  to 
the  battery : and  the  other  through  Bj,  the  line  Ag,  Cj,  Yg,  and 

through  the  back  contact  of  Kg  and  through  back  to  the  battery  through  the 
earth  Eg  Ej^.  Since  the  resistances  of  these  two  paths  are  equal,  the  currents  are 


Line  Wire 


Fig.  910. 


Diagram  of  Differential  Duplex  Telegraph. 


also  equal.  We  have,  therefore,  equal  currents  flowing  in  both  circuits  of  r,  and 
the  tongue  remains  at  rest,  whilst  there  is  a current  in  only  one  of  the  circuits 
of  Rg ; consequently  the  tongue  Tg  is  moved  over  against  w,,  and  a signal  is 
produced  in  the  distant  receiving  instrument. 

Thus  by  depressing  k^  and  leaving  Kg  at  rest  the  relay  r,  at  the  sending 
Ration  is  unaffected,  but  the  relay  Rg  at  the  receiving  station  records  a signal. 
Similarly  if  Kg  be  depressed  whilst  is  at  rest  a signal  is  received  at  station  i, 
but  no  signal  is  recorded  at  station  2. 

Next,  suppose  that  the  keys  k^  and  Kg  are  simultaneously  depressed.  A 
current  starting  from  p,  passes  through  the  first  contact  of  k^  to  y^,  thence  to  c, 
and  the  dotted  circuit  of  r^  to  a^  and  through  back  to  the  battery  p^! 
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Similarly,  a current  starting  irom  Pg  passes  through  Ko,  Yg,  Bj,  the  dotted  circuit 
of  Ro,  D„,  ?”2,  and  back  to  the  battery  Pg.  No  current  flows  through  the  other 
circuits  because  the  points  and  Yg  are  both  raised  to  the  same  potential  (the 
batteries  p^and  Pg  being  equal),  and,  therefore,  no  current  can  flow  between  them, 
though  they  are  connected  by  a circuit  represented  by  the  continuous  lines  in 
Ri  and  R3  and  tlie  line  Lg. 

In  this  case,  therefore,  currents  only  flow  through  the  dotted  circuits  of  each 
relay,  and  therefore  both  relays  cause  signals  to  be  received.  But  this  is  exactly 
what  is  wanted,  though  it  is  curious  to  observe  that  station  i receives  a signal 


LINE 


from  station  2 without  any  current  passing  along  the  line  wire ; also,  simultane- 
ously, station  2 receives  a signal  from  station  i. 

Lastly,  if,  when  a current  arrives  from  the  distant  station,  the  key  of  the 
receiving  station  is  on  neither  contact,  but  is  in  an  intermediate  position,  a signal 
is  still  received.  For,  suppose  a current  from  Lo  reaching  station  2 at  such 
a moment,  then  it  would  pass  through  Ag,  Cg,  Bg,  Dg,  and  r^  to  earth  Eg,  and  so 
back  to  the  battery  p^.  Now,  although  the  resistance  of  this  path,  including  the 
line  wire  Lg,  is  double  that  of  the  ordinary  path,  and  the  current  is  therefore 
reduced  to  one  half  its  usual  magnitude,  still  this  reduced  current  passes  in  the 
right  direction  round  both  sets  of  coils  of  the  relay,  and  therefore  produces  the 
same  magnetic  effect  as  the  full  current  passing  through  only  one  set  of  coils, 
and  thus,  whatever  the  position  of  the  key  Kg  may  be,  if  the  key  is  depressed 
a signal  is  received  at  the  station  2. 

There  is  another  way  of  working  in  which  the  positive  pole  of  one  battery 
and  the  negative  of  the  other  are  connected  to  earth.  The  only  difference  is  that 
when  both  keys  are  depressed  together  the  batteries  are  placed  in  series  and 
a current  of  double  the  usual  magnitude  passes  along  the  line  wire  Lg  and . 
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through  the  line  circuits  of  the  relays.  This  current  being  double  that  in  the 
other  or  compensating  circuits  destroys  the  balance,  and  signals  are  received  at 
both  stations  as  in  the  other  case.  Such  a method  of  working  is  depicted  in 
Fig.  91 1,  where  not  only  the  relays  p p are  shown,  but  also  the  local  circuits  with 
the  receiving  instruments  w w,  which  may  either  be  single-needle  instruments, 
Morse  writers,  or  sounders.  With  the  aid  of  the  foregoing  description  the 
reader  will  have  no  difficulty  in  tracing  the  courses  of  the  different  currents  for 
the  various  possible  cases. 

So  far  we  have  described  the  duplexing  of  a single-current  system.  In  actual 
practice  in  England  the  majority  of  the  duplexed  lines  are  worked  on  the  double- 


Fig.  912. — Schwendler’s  Bridge  Method. 


current  system,  in  which  polarised  relays  are  used,  but  which  we  have  not  space 
to  describe  in  detail.  The  results  obtained  are  much  superior. 

We  may  remark,  in  conclusion,  that  in  duplex  working  on  long  lines,  and 
especially  on  submarine  cables,  the  circuit  containing  the  balancing  resistance  r 
(Fig.  910)  has  to  have  a condenser  or  series  of  condensers  inserted  in  it,  so  as  to 
balance,  not  only  the  resistance,  but  also  the  electro-static  capacity  of  the  line. 

The  Bridge  Method. — The  method  devised  by  Schwendler,  in  which  he 
uses  a Wheatstone  bridge,  is  shown  in  Fig.  912.  At  the  distant  stations 
I and  II,  and  Bg  indicate  equally  strong  batteries,  the  zinc  poles  of  which  are 
connected  at  both  stations  with  earth,  whilst  the  copper  poles  are  connected 
with  the  keys  Tg.  Above  these  keys  are  what  may  be  called  the  auxiliary 
levers  and  Hg.  The  contacts  4 of  the  auxiliary  levers  are  connected  by 
means  of  the  resistances  b with  the  earth.  From  the  auxiliary  levers  lead  the 
branches  Ng  Lg,  Mj,  Ng  Mg.  The  ends  of  and  Lg  are  connected 

with  each  other  by  means  of  the  line  /.  The  ends  and  Mg  are  connected 
with  earth  through  the  resistances  z,  and  l^m,,  LgMgare  connected  with  each 
other.  The  resistances  x and  y are  inserted  in  tlie  branches,  and  a receiving 
ipparaius  is  inserted  in  the  connecting  line  of  every  two  branches.  These 
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are  represented  by  the  relays  and  Rg.  Let  us  consider  two  cases — first, 
when  only  one  station  is  active,  and  secondly,  when  both  stations  are  active. 
When  the  key  at  station  i is  depressed,  the  contact  between  and  4 is 
broken,  and  contact  is  made  between  and  3.  From  the  battery  a current 
then  flows  over  3 and  to  n^,  and  from  here  partly  through  the  resistance 
over  Mo  and  the  resistance  z to  earth,  and  partly  through  the  resistance  x over 
Lj  into  the  line  /.  The  distance  m^,  which  contains  the  relay  of  the  sending 
station  i,  remains  without  current.  When  the  current  arrives  in  station  ii  at 
it  divides  into  two  branches,  one  of  which  flows  over  Lg  Mg  through  resistance  z 
to  earth ; the  other  flows  through  the  resistance  x over  h„  to  4,  and  then  through 
the  resistance  3 to  earth.  At  the  receiving  station  ii,  therefore,  the  branch  Ng  m, 
forms  the  bridge,  which  is  without  current,  and  the  relay  Rg  lies  in  the  branch 
Lg  Mg,  through  which  a current  flows.  If,  however,  both  stations  work  at  the  same 
time,  the  contact  between  Hg  and  4 will  also  be  broken  in  station  ii,  and  that 
between  3 and  Hg  made.  From  battery  Bg  therefore  a current  will  also  tend  to 
flow  over  Xg,  3,  Hg,  x,  Lg,  and  then  into  the  line  /.  The  potential  tending  to 
send  a current  into  the  line  / from  this  battery  being  equal  and  opposite  to  that 
tending  to  send  a current  into  the  line  from  station  i,  their  effects  will  be 
neutralised,  and  the  line  / will  be  without  current.  In  each  station,  therefore, 
a local  current  is  formed,  whose  course  for  station  n,  for  instance,  is  as  follows : 
The  current  flows  from  Bg  over  Xg  3 and  Hg  to  Ng,  where  it  divides  in  the 
branches  Ng  Mg  and  Ng  Lg  Mg,  both  branches  unite  again  at  Mg  and  flow  over  z 
to  earth  Eg.  The  relay  Rg,  lying  in  a branch  through  which  a current  flows,  will, 
therefore,  be  affected.  The  method  just  now  described  can  only  be  employed 
successfully  when  the  resistances  in  the  several  branches  are  calculated  according 
to  the  law  of  proportion  for  Wheatstone’s  bridge. 

Multiplex  Telegraphy. — The  principle  of  Multiplex  Telegraphy  is  a 
very  simple  one,  and  can  be  made  clear  with  the  help  of  Fig.  913.  It  represents 
a station  with  four  Morse  systems  ; r are  the  writing  apparatus,  x the  keys ; each 
system  is  connected  with  one  of  the  sectors  i to  iv.  The  line  l is  connected  by 
means  of  a sliding  spring  with  the  axis  x,  which  is  made  to  move  by  clockwork, 
and  which  causes  the  pointer  x z to  slide  over  the  insulated  contact  pieces 
I,  II,  III,  and  IV  in  the  direction  indicated  by  the  arrow.  By  this  arrangement  the 
writing  instruments  i to  4 are  connected  with  the  line  in  turns,  and  each  remains 
in  this  position  for  a quarter  of  a revolution  of  the  pointer.  A second  station  b, 
which  is  connected  with  a by  the  line,  is  fitted  in  exactly  the  same  manner,  and 
the  pointers  xz  zX  both  stations  move  isochronously,  i.e.  the  pointer  of  station  a 
moves  over  sector  i when  the  pointer  of  station  b moves  over  sector  i,  and  so 
on.  Apparatus  i of  station  a will,  therefore,  be  connected  with  apparatus  i of 
station  b by  means  of  the  line,  as  long  as  the  pointers  .r  s move  over  the  contact 
piece  I.  The  apparatus  i can  therefore  send  and  receive  signs.  When  the 
pointers  of  both  stations  have  reached  sector  ii  the  apparatus  2 of  the  two 
stations,  will  be  connected,  and  this  will  continue  until  all  the  apparatus  have 
been  connected,  that  is,  until  the  pointers  have  made  one  complete  revolution. 
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This  explanation  is  probably  sufficient  to  make  the  principle  understood,  but 
to  show  the  details  of  the  connections  we  must  examine  a complete  system  in 
which  the  above  principle  is  applied ; for  this  purpose  we  will  select  the 
Multiplex  system  devised  by  Delany,  and  much  improved  in  its  practical  working 
by  the  electricians  of  the  British  Post  Office. 

In  actual  practice  it  has  been  found  necessary  that  the  revolving  armxz 
(Fig.  913),  instead  of  remaining  for  a whole  quarter  of  a revolution  on  one  line 
segment  i,  ii,  iii,  or  iv,  should  make  several  contacts  in  regular  cyclical  order, 
with  much  smaller  segments  connected  to  the  various  sets  of  apparatus.  Thus, 


the  apparatus  1 of  station  a,  instead  of  being  only  connected  to  the  line  L once 
during  a revolution,  is  put  into  communication  with  it  several  times,  but  between 
each  tvvo  of  its  successive  connections  the  other  sets  of  apparatus  2 3 and  4 
have  been  in  their  turn  successively  connected  with  L.  Similarly  the ’various 
sets  of  apparatus  at  the  distant  station  B are  connected  successively  to  the  line  L 
several  times  during  each  revolution  of  the  revolving  arm  there 

revolving  arms  are,  in  practice,  driven  at  a speed  of  about 
ree  revolutions  per  second,  and  during  each  revolution  pass  over  more  than 
150  separate  contact  pieces,  it  will  be  seen  that  the  two  arms  of  the 

htv  ^ small  fraction  of  a second  of  time  of  7ne  ami 

behind  the  other,  would  cause  the  message  sent  from  No.  1 apparatus  of  station 
be  received  by  No.  4 apparatus  of  station  b,  and  endless  confusion  would 
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ensue.  It  was  this  difficulty  of  getting  the  requisite  synchronism  between  the 
two  revolving  arms  or  trailers,  which  led  to  the  abandonment  of  the  first  system 
of  this  kind,  which  was  invented  by  Meyer  in  1873,  ^^nd  described  in  the 
previous  edition  of  this  book.  Many  attempts  were  made  to  improve  it,  but  the 
road  to  success  was  not  opened  up  until  Paul  la  Cour,  of  Copenhagen,  invented 
the  phonic  wheel  which  we  shall  now  describe. 

The  Phonic  Wheel  (Fig.  914),  so  remarkable  for  its  steady  and  uniform 


Fig-  915- — La  Cour’s  Tuning-Fork  Interrupter. 


motion,  consists  of  a toothed  wheel  of  soft  iron  rotating  past  one  of  the 
poles  of  a straight  electro-magnet^  so  placed  that  the  teeth  do  not  touch  the 
magnet-pole.  If  a series  of  currents  be  allowed  to  pass  at  regular  intervals 
through  the  coils  of  the  electro-magnet,  the  wheel  will  receive  a series  of  impulses 
which  bring  about  a rotation  of  great  regularity.  The  rate  of  motion  of  this 
wheel  depends  upon  the  number  of  current  impulses  given  to  it,  and  the  wndth 
and  number  of  teeth  in  the  wheel  itself.  La  Cour  produced  the  continued  impulses, 
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or  rather  the  pulsating  current,  by  means  ot  a tuning-fork.  The  tuning-fork  for 
this  purpose  is  placed  horizontally  between  the  poles  of  a horse-shoe  electro- 
magnet (Fig.  915).  Platinum  contacts  are  fastened  between  the  arms,  so  as  to 
close  the  circuit  of  a battery  when  the  fork  is  at  rest.  The  electro-magnet 
which  is  in  the  same  circuit  will  now  be  energised,  attracting  the  arms  of 
the  fork ; at  the  moment  when  the  arms  begin  to  move  outwards  contact  is 
broken,  and  the  magnetic  attraction  ceases,  so  that  the  arms  swing  back  into 
their  original  position  and  close  the  circuit  again.  It  is  clear  that  a continued 
breaking  and  making  of  current  alternately  takes  place,  and  that  the  fork  conse- 
quently vibrates.  The  tuning-fork  can  give  only  the  one  sound — that  is  to  say, 
it  can  vibrate  only,  within  small  limits,  at  the  same  rate.  It  follows,  therefore. 


Fig.  916.— Vibrating  Reed  in  Driving  Circuit  of  the  Phonic  Wheel. 


that  the  current  flowing  through  the  circuit  will  always  pass  with  the  same 
regularity.  La  Cour  calls  such  a current  a phono-electric  current.  To  increase 
the  uniformity  of  rotation,  the  wheel  has  a wooden  box  fastened  to  it  containing 
mercury,  which  serves  the  purpose  of  a fly-wheel. 

As  the  velocity  only  depends  upon  the  phono-electric  current  and  the  breadth 
and  number  of  teeth  in  the  wheel,  it  follows  that  all  such  wheels  of  the  same 
size  and  number  of  teeth  rotate  with  the  same  velocity  when  one  and  the  same 
phono-electric  current  passes.  Making  use  of  this  principle,  Patrick  B.  Delany 
of  New  York,  produced  in  1882  apparatus  by  which  the  arms  of  the  two 
distributors  above  referred  to  could  be  made  to  rotate  with  perfect  synchronism 
and  m 1884  he  completed  a thoroughly  workable  system  of  multiplex  telegraohv’ 

Delany’s  Multiplex  Telegraph.-Though  the  phonic  wheel  is  the 
Dasis  of  the  synchronism  on  which  the  successful  working  depends  several 
important  modifications  were  required  to  adapt  it  to  the  requirements  of  practice 
Instead  of  an  ordinary  two-pronged  tuning-fork,  Delany  uses  a single  reed  r (Fig 
916),  consisting  of  a flat  bar  (seen  edgeways  in  the  figure)  of  mild  steel,  clamped 
by  a screw  s,  between  a steel  plate  and  two  knife-edges.  For  adjusting  the 
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rate  of  vibration  of  the  reed  a small  weight  w can  be  clamped  on  it  in  various 
positions.  If  the  weight  w be  moved  towards  the  free  end  of  the  reed  the  rate 
of  vibration  is  diminished  and  the  reed  slows  down,  whereas  if  w be  moved  in 
the  other  direction  the  number  of  vibrations  per  second  is  increased.  In  this 
respect  the  reed  behaves  like  an  ordinary  pendulum.  The  reed  magnet  m is  an 
ordinary  horseshoe  electro-magnet  of  which  the  reed  is  the  armature  completing 
the  magnetic  circuit.  The  current  after  passing  through  the  magnet  m is  led 
through  L to  the  contact  h,  where  it  enters  the  reed,  from  which  it  returns  to  the 
battery.  The  contact  at  h is  attached  to  l by  a flexible  spring,  which  partly 
follows  the  reed  contact  as  it  retreats,  but  is  caught  by  a check-piece  c,  the  posi- 
tion of  which  has  to  be  very  carefully  adjusted  to  ensure  synchronism  between 
the  two  reeds. 

The  interrupted  or  pulsating  currents  from  the  reed  are  led  through  another 
electro-magnet  which  drives  the  phonic  wheel.  This  electro-magnet  is  also  of 


the  horseshoe  type,  instead  of  being  straight  as  in  Fig.  914;  the  poles  of  this 
magnet  are  so  placed  that  two  alternate  teeth  of  the  driving  wheel  are 
simultaneously  opposite  to  them.  For  good  working  it  is  necessary  that  the 
teeth  pass  very  close  to  the  poles  of  the  magnet.  To  reduce  sparking  at  the 
contact  H each  electro-magnet  has  a resistance,  or  a resistance  and  a condenser, 
placed  across  its  terminals. 

The  next  point  to  consider  is  the  arrangement  of  the  contacts  over  which  the 
trailer  is  caused  to  sweep  by  the  rotation  of  the  phonic  wheel.  The  circumfer- 
ence of  the  circular  disc  beneath  the  trailer  is  divided  into  162  equal  spaces, 
each  of  which  contains  a contact  piece  insulated  from  the  disc  and  from  the  other 
contact  pieces.  One-third,  or  54  of  these  spaces  are  shown  in  Fig.  917,  where  it 
will  be  noticed  that  the  material  of  the  disc  projects  between  the  various 
contact  pieces,  thus  rendering  it  impossible  for  the  trailing  brush  to  short-circuit 
two  successive  pieces. 

The  various  segments  do  not  all  fulfil  the  same  function.  Some  are  for 
signalling,  some  for  sending  correction  currents  to  the  distant  distributor,  and 
some  for  receiving  correction  currents  from  it.  The  first  three  sections  on  the 
right  are  for  receiving  corrections ; they  contain  in  all  five  insulated  pieces 
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marked  by  dashes  thus  ~ = = = §.  Of  these,  three  are  the  ordinary  contact 
pieces,  but  two  others  are  interpolated  and  extend  backwards  into  a cut-away 
part  of  the  plate  from  which  they  are  insulated.  Next  to  these  there  come  two 
groups  of  segments  numbered  from  i to  12  ; then  three  segments  for  sending 
corrections,  and  finally  two  more  groups  numbered  from  i to  1 2.  The  remaining 
two-thirds  of  the  circumference  are  similarly  divided. 

The  groups  for  sending  and  receiving  correction  currents  are  spaced  equally 
round  the  circumferences  of  the  two  distributors,  and  without  going  into 
minute  details,  it  may  be  explained  that  when  working  the  two  trailers  move  so 
that  one  is  on  a group  of  segments  for  sending  corrections,  when  the  other  is  on 
a group  for  receiving  corrections.  One  segment  only  of  a group  for  sending 
corrections  is  connected  to  the  correcting  battery,  and  only  one  segment  of 
a group  for  receiving  corrections  is  connected  to  the  correcting  relay.  Experi- 
m.ents  are  made  to  deterrainp  which  are  the  best  segments  for  these  corrections 
for  the  particular  line  which  is  being  used.  Now  if  the  trailers  are  moving 
exactly  together,  the  current  from  the  correcting  battery  sent  from  one  station 
does  not  pass  through  the  correcting  relay  of  the  other,  but  passes  direct  to  earth 
by  one  of  the  segments  for  receiving  corrections.  If,  however,  one  of  the  trailers 
is  a little  behind  the  other  it  will  be  on  the  segment  connected  to  the  correcting 
relay  when  the  current  from  the  distant  correcting  battery  arrives.  The  relay 
will  therefore  be  brought  into  action,  and  its  connections  are  so  arranged  that 
the  lagging  trailer  is  thereby  accelerated.  As  these  correcting  currents  will,  if 
necessary,  be  sent  three  times  during  each  revolution  of  the  trailers  (that  is,  about 
nine  times  per  second),  it  is  obvious  that  any  slight  tendency  to  lag  is  very 
quickly  corrected.  Of  course  it  is  supposed  that,  to  begin  with,  the  two  reeds 
have  been  timed  to  give  notes  of  exactly  the  same  pitch,  so  as  to  cause  the  same 
number  of  interruptions  per  second  in  the  driving  circuits  of  the  two  phonic 
wheels.  When  this  has  been  done  the  correcting  currents  have  only  to  deal  with 
slight  irregularities  due  to  temporary  and  accidental  causes. 

The  signalling  apparatus  used  is  very  little  modified  from  that  required 
for  ordinary  working.  Either  the  single  or  the  double  current  system  may  be 
employed.  In  the  former  case,  a single  battery  is  sufficient  both  for  signalling  and 
correcting  purposes.  For  double  current  working  the  battery  is  split  and  earthed 
near  its  centre,  with  however  more  cells  on  the  “marking”  than  on  the 
“ spacing  ” side.  The  chief  change  is  that,  to  ensure  continuity  in  the  received 
signals,  the  receiving  relays  are  of  high  resistance,  and  have  their  terminals 
bridged  by  condensers  of  large  capacity. 

We  have  already,  in  dealing  with  telephone  working,  referred  more  than  once 
to  the  retarding  effect  of  the  electrostatic  capacity  of  the  line,  and  its  importance 
where  rapid  signals  are  being  sent.  An  additional  example  is  afforded  by 
multiplex  telegraphy.  From  the  figures  already  given  it  will  be  observed  that 
the  trailer  passes  over  a contact  section  in  about  two-thousandths  of  a second. 
Now,  on  account  of  electrostatic  action,  this  is  about  the  length  of  time  that 
intervenes  between  the  closing  of  a circuit  in  London  and  the  growth  of  the 
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current  at  Birmingham  to  a magnitude  sufficient  to  operate  the  receiving  relay. 
Therefore,  by  the  time  the  current  reaches  this  necessary  value  at  Birmingham 
the  trailer  will  have  passed  on  to  the  succeeding  segment.  Unless,  therefore, 
two  successive  segments  are  allotted  to  one  pair  of  operators  the  signals  will 
become  confused.  The  connections  are,  therefore,  made  so  that  a signal  is  sent, 
say,  from  No.  i segment  and  received  on  No.  2.  This  reduces  the  twelve 
available  sections  of  Fig.  917  to  six  groups  of  two  each,  and  the  line  can  only  be 
worked  by  six  sets  of  signallers,  or  hexode  as  it  is  called.  Similarly  from  Liverpool 
to  Manchester,  where  the  retardation  is  greater,  three  segments  have  to  be 
allotted  to  each  arm,  and  the  twelve  segments  only  provide  for  tetrode  working. 
Thus  the  number  of  independent  messages  that  can  be  transmitted  by  one  wire 
diminishes  as  the  distance  increases. 

Other  systems  of  multiplex  telegraphy  have  been  tried  from  time  to  tirne. 
In  1890  a system  invented  by  Mr.  Patten  was  tried  between  New  York  and 
Philadelphia.  The  system  resembles  the  Delany  system  in  general  details,  but 
the  synchronising  trailers  are  driven  by  comparatively  powerful  electric  motors 
with  drum  armatures,  in  which  the  current  is  reversed  simultaneously  by  a 
controlling  line  current.  It  is  claimed  that  these  motors  tend,  if  disturbed,  to 
return  into  synchronism,  and  it  is  said  that  twelve  sets  of  operators  can  use 
a single  wire  one  hundred  miles  along. 

OUADRUPLEX  TELEGRAPHY. 

We  have  already  explained  (page  876)  that  the  term  Quadruplex  is  applied 
to  telegraphic  systems  in  which  two  messages  are  simultaneously  sent  in  each 
direction,  making  four  messages  in  all  along  the  same  wire.  A solution  of  this 
problem  was  attempted  as  far  back  as  1855,  but  it  was  not  until  1874  that  a 
really  practical  working  system  was  brought  to  perfection  by  Edison. 

Briefly  stated,  the  principle  used  to  differentiate  between  the  two  sets  of 
signals  that  are  going  in  the  same  direction  is,  that  one  set  is  transmitted  by 
means  of  reversed  currents  (double-current  working),  and  the  other  by  changes 
in  the  strength  of  the  currents  (single-current  working).  The  receiving  instru- 
ments are  such  that  one  set  is  polarised  and  responds  only  to  changes  in  the 
direction  of  the  transmitted  currents,  whereas  the  other  set  is  non-polarised  and 
responds  only  to  changes  in  the  magnitude  of  the  currents,  being  indifferent  to 
changes  of  direction.  The  system  being  then  duplexed  for  both  kinds  of 
currents  becomes  a quadruplex  system. 

From  the  above  general  description  it  will  be  understood  that  the  two 
signalling  clerks  at  one  end  of  the  line  use  different  kinds  of  keys  ; for  one  has 
to  reverse  the  current  when  signalling,  whereas  the  other  has  only  to  alter  its 
strength.  The  .latter  condition  also  requires  that  the  current  should  always  be 
on  the  line.  A diagrammatic  sketch  of  the  transmitting  connectioiis  is  given  m 
Fig.  918.  Here  represents  the  reversing  key,  and  Ko,  which  is  called  the 
increment  key,  the  key  for  altering  the  strength  of  the  current  This  increment 
key,  which  is  of  peculiar  construction,  is  shown  in  section  in  Fig.  919.  The 
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line  battery  is  divided  into  two  sections,  and  £3,  one  of  which,  Eg,  contains  two 
and  one-third  times  the  number  of  cells  in  the  other.  Thus  the  current  from 
the  whole  battery  is  through  the  same  resistance  three  and  one-third  times  the 
magnitude  of  the  current  from  the  section  e^. 

The  reversing  key  has  four  flexible  contact  pieces  <r,  z,  z-^,  and  the 
central  movable  part  consists  of  two  metal  pieces,  each  carrying  an  upper  and 
a lower  contact  stud.  These  two  pieces  are  insulated  from  each  other,  and  one 


Fig.  gi8.  Connections  of  Sending  Keys  for  Quadruplex  Working. 

of  them  is  connected  to  earth  at  e whilst  the  other  is  joined  to  the  line  wire. 
, The  negative  or  zinc  pole  of  the  battery  Ej^  is  joined  directly  to  the  two  flexible 
contacts  z and  z^ ; the  other  two  contacts  c and  are  connected  together  to  the 
movable  part  L of  the  increment  key  k^.  This  key  has  two  flexible  contacts  a 
and  b (Fig.  919);  the  upper  one  a is  joined  through  a resistance  j (Fig.  918) 


Fig.  919.— Increment  Key  for  Quadruplex  Working. 


o the  positive  end  of  the  battery  e,,  and  the  lower  one  b is  joined  through 
another  resistance  to  the  common  junction  of  the  two  batteries.  Both  keys 
are  so  adjusted  that  when  the  movable  parts  of  either  are  worked  the  new 
ntacts  are  rnade  before  the  old  ones  are  broken,  so  that  the  battery  current  is 
not  interrupted.  An  examination  of  Fig.  918  will  show  that  the  battery  must 
consequently  be  short-circuited  with  each  motion  of  either  key,  and  the  adjust- 
ments are  therefore  very  carefully  made  so  as  to  reduce  the  tLe  of  this  short- 

S ? ruT"  M ^ thfe:!! 

eiiects  of  the  unavoidable  short-circuiting. 
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The  working  of  the  transmitting  keys  can  now  be  easily  followed.  With  key 
Kj  in  the  position  shown  (Fig.  918)  the  current  passes  to  earth  through  e and 
returns  by  the  line  j in  the  other  position,  when  the  movable  pieces  make 
contact  with  and  the  current  flows  to  line  and  returns  by  the  earth.  The 
working  of  this  key,  therefore,  causes  the  currents  in  the  line  to  pass  alternately 
in  opposite  directions.  On  the  other  hand,  the  key  K3  in  the  position  shown 
only  allows  the  current  from  to  be  used,  whereas  when  l is  moved  against  the 
upper  contact  a by  the  depression  of  the  handle,  the  full  battery  (e^  and  e^)  is 
brought  into  action,  and  the  currents  are  increased  to  three  and  one-third 
times  their  previous  value. 

The  receiving  instruments  used  for  these  two  classes  of  changes  in  the  current 
are  such  that  each  is  affected  only  by  one  kind  of  change  and  not  by  the  other. 
Thus  the  signals  which  are  sent  by  reversed  currents  are  received  by  a polarised 
relay,  of  which  one  kind  has  been  described  at  page  903.  In  the  British  service, 
however,  a different  pattern,  known  as  the  P.  O.  Standard  Relay,  is  used.  But 
whatever  the  pattern,  the  relay,  which  is  adjusted  to  respond  to  the  smallest 
currents  used,  only  responds  to  changes  in  the  direction  of  the  current.  Any 
change  in  the  magnitude  of  the  current  simply  alters  the  force  with  which  the 
tongue  of  the  relay  is  held  against  the  same  contact  point,  and  therefore  does  not 
affect  the  signalling  current  in  the  local  circuit  worked  by  the  relay.  This  relay 
therefore  responds  to  the  working  of  the  key  k^,  and  is  indifferent  to  the  action 
of  the  key  Kg. 

The  working  of  the  key  Ko,  on  the  other  hand,  actuates  a na?i-polarised  relay, 
which  attracts  its  soft-iron  armature  in  the  same  direction  whatever  the  direction 
of  the  current  may  be.  This  armature  is  held  back  by  a spring  sufficiently  strong 
to  resist  the  pull  of  the  electro-magnet  caused  by  the  current  from  the  battery  e^, 
and  therefore  when  only  this  current  is  on  the  line  the  armature  of  this  relay  is 
not  pulled  over  by  the  magnet.  When,  however,  the  full  battery  is  thrown  on 
by  depressing  the  key  Ko,  the  electro-magnet  overcomes  the  retractile  force  of 
the  spring,  and  pulls  the  armature  over,  thereby  bringing  the  local  signalling 
circuits  into  action.  But  so  long  as  this  current  is  not  sensibly  interrupted,  the 
armature  will  continue  to  be  held  over,  and  therefore  the  working  of  the  key  Kj 
will  not  affect  its  position.  In  this  way  the  messages  sent  from  the  two  keys  Kj 
and  Kg  are  each  received  independently  and  separately  by  appropriate  apparatus. 

So  far  we  have  only  explained  the  working  of  the  diplex  part  of  the  quadruplex 
system,  or  that  part  which  enables  two  messages  to  be  sent  simultaneously  in 
the  sa)ne  direction  along  a wire.  Want  of  space  compels  us  to  omit  further 
details  of  the  adjustments  and  instruments  required  for  diplex  working,  as  well  as 
details  of  arrangements  by  which  this  working  is  duplexed,  thus  converting  the 
system  into  a quadruplex  one.  With  regard  to  the  latter  we  may  say  that  the 
general  principles  involved  are  the  same  as  those  explained  (page  9 1 5 seql)  in 
describing  duplex  telegraphy.  The  receiving  instruments  are  differentially 
wound,  and  the  resistances  and  capacities  of  the  two  differential  circuits  are  care- 
fully balanced.  But  the  conditions  of  working  being  more  complex,  more 
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delicate  adjustments  are  necessary,  and  contingencies  have  to  be  provided  for 
which  do  not  exist  in  the  simpler  duplex  working. 

It  is  perhaps  unnecessary  to  dwell  at  length  on  the  commercial  value  of  the 
various  systems,  duplex,  multiplex,  and  quadruplex,  which  we  have  described,  for 
increasing  the  signalling  work  that  can  be  done  with  a single  conductor.  Not 
only  is  the  number  of  wires  that  have  to  be  erected  between  large  towns  con- 
siderably diminished  by  using  such  systems,  but  also  the  cost  of  maintaining  the 
larger  number  of  wires  is  saved.  True,  this  is  only  accomplished  by  using  more 
delicate  signalling  instruments,  but  the  cost  of  such  instruments  is  small  compared 
with  the  cost  of  erection  and  maintenance  of  additional  wires.  Especially  is  this 
the  case  in  submarine  cable  work,  where  the  cost  of  laying  a single  conductor  is 
so  enormous.  Although  the  cost  of  an  artificial  cable  and  the  duplexing 
apparatus  required  to  duplex  an  Atlantic  cable  is  very  high,  yet  it  is  but  a small 
fraction  of  the  cost  of  laying  a second  cable.  Thus  the  development  of  these 
systems  has  led  to  a great  saving  in  the  number  and  cost  of  the  conductors 
necessary  for  the  enormous  telegraphic  work  of  the  present  day. 


THE  TELAUTOGRAPH. 

Notwithstanding  all  their  splendid  achievements,  one  of  the  great  drawbacks 
of  telegraphy  and  telephony  is  that  the  message  received  by  the  distant  corre 
spondent  has  not  the  binding  force  of  a written  contract,  agreement,  or  letter. 
Especially  is  this  the  case  with  a telephonic  communication,  where  no  record  at 
all  IS  left  of  the  conversation  that  has  been  carried  on.  It  can  be  readilv 
understood  how  such  an  absence  of  a record  may  lead  to  disputes  in  commercial 
transactions,  and  how  much  more  satisfactory  it  would  be  if  both  parties  had  an 
incontrovertible  record  which  could  be  appealed  to  in  case  of  dispute.  Such  a 
record  is  supphed,  though  in  a somewhat  inconvenient  form,  by  the  improved 
phonograph  which,  however,  has  the  drawback  that  both  correspondents  must 
possess  duplicate  instruments  in  order  that  they  may  each  be  able  to  read 

writtPn°r®'^"';  1 ^’though  it  is  possible  that  a phonogram  may  be 

tten  from  a telephone  in  the  ordinary  way  it  has  to  be  sent  by  post^ancl 
thus  IS  a no  more  expeditious  method  of  communication  than  a letter 
1 nese  and  other  considerations  have  led  inventor?  to  f-m-n  • 

Ihe  problem  of  transmitting  telegraphically  a facsimile  of  a writteT  Lssage"  so 
that  at  the  distant  receiving  station  there  is  automatically  nrorl  a ^ ’ 
copy,  line  for  line,  of  the  message  handed  in  at  the  sending  station  ^The^" 

::&rrparer:it„\riro:h'"^^ 

an  exact  facsimile  of  the  message,  line’for  line  and  ^dforto^dTh:  c^e 
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apparatus  by  which  this  remarkable  result  is  accomplished  Professor  Gray  has 
called  the  Telautograph,  or  a method  for  producing  an  autograph  at  a distance. 

The  transmitting  and  recording  pens  of  the  telautograph  bear  a strong 
resemblance  to  the  corresponding  parts  of  a pantograph,  with  the  difference, 
however,  that  the  connection  between  them  is  electrical  instead  of  mechanical 
The  message  is  written  with  an  ordinary  lead  pencil  on  a sheet  of  paper  spread  on 
a flexible  metal  sheet.  The  pressure  of  the  pen  on  this  sheet  closes  an  electric 
•circuit,  which  causes  a set  of  currents  to  be  transmitted  to  the  distant  station, 
whose  effect  is  to  lower  the  receiving  pen  on  to  the  paper  there.  The  lead 
pencil  has  attached  to  it  tw^o  cords  at  right  angles  to  one  another.  These  cords 
are  kept  taut  by  springs,  and  each  moves  according  to  one  of  the  rectangular 
components  of  the  motion  of  the  pencil.  The  cords  pass  over  pulleys  operating 
pole-changers  which  reverse  the  currents  in  the  respective  circuits  whenever  the 
motion  of  the  corresponding  rectangular  component  is  reversed.  We  may 
remark  here  that  two  complete  metallic  circuits  for  each  component  are  required 
between  the  two  stations,  which  necessitates  the  use  of  three  line  wires,  one  of 
which  is  employed  as  a common  return. 

In  addition  to  the  pole-changers,  each  cord  operates  an  “ interrupter,”  which 
consists  of  a sliding  contact  moving  over  a disc  with  many  short  contacts 
separated  by  insulated  material  as  in  the  disc  of  the  Delany  distributor  (Fig.  9^7)' 
When  the  contact  rests  on  a metal  piece  the  current  passes,  but  it  is  broken 
when  the  sliding  contact  moves  on  to  an  insulated  strip.  In  this  way  each  cord 
as  it  moves  sends  a series  of  electric  impulses  into  the  corresponding  circuit,  the 
direction  of  the  impulses  depending  upon  the  direction  of  the  motion  of  the  cord. 

At  the  receiving  station  the  pen  is  moved  by  two  rods,  flexibly  connected 
and  at  right  angles  to  each  other ; each  of  these  is  operated  by  the  impulses 
transmitted  by  the  corresponding  cord  of  the  sending  apparatus.  Dealing  with 
one  rod  only,  the  impulses  are  received  first  by  a polarised  relay,  which  deter- 
mines the  direction  of  motion  of  the  rod  by  energising  one  or  other  of  two  sets 
of  magnets.  The  armature  of  one  set  moves  the  rod  in  one  direction,  and  the 
armature  of  the  other  moves  it  in  the  opposite  direction.  The  motion  is  a step 
by  step  motion  corresponding  in  the  distance  travelled  to  the  number  of  impulse  ! 
received,  and  thus  the  rod  moves  with  a motion  similar  to  that  of  the  correspond- 
ing cord  at  the  sending  station.  As  both  rods  move  simultaneously,  the 
rectangular  components  of  the  motion  of  the  distant  pen  are  compounded  so  as 
to  reproduce  the  same  movements  at  the  receiving  station.  In  this  way  the  - 

written  message  is  reproduced  in  facsimile.  ; 

There  are  many  interesting  details  in  connection  with  the  telautograph  . 

which  we  cannot  describe  for  lack  of  space.  Probably,  however,  the  foregoing 
description  will  enable  our  readers  to  understand  the  general  line  of  action  upon  ? 
which  the  facsimile  reproduction  depends.  It  is  too  early  yet  to  say  wheth^  ; 
the  apparatus  will  come  into  general  use.  Certain  practical  difficulties  can  easi^ 
be  foreseen,  but  whether  they  will  seriously  affect  the  development  of  telauto  ^ 
graphy  the  future  only  can  decide. 
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CABLE  TELEGRAPHY. 

Long  over-ground  lines  offer  difficulties  caused  by  the  electric  charges  which 
the  wires  receive,  but  these  difficulties  are  still  further  increased  in  cable  tele- 
graphy. The  cable,  consisting  of  copper  and  iron  wires,  separated  by  insulating 
substances,  will  behave  like  a Leyden  jar.  If  the  copper  wire  forming  the 
inner  coating  receives  positive  electricity,  a corresponding  quantity  of  negative 
electricity  will  be  developed  on  the  outer  armature  surface  in  contact  with  the 
water,  and  answering  to  the  outer  coating.  The  charging  and  discharging  of 
the  cable,  therefore,  not  only  require  considerable  time,  but  may  also  cause 
indistinctness  of  signs. 


Fig.  920.  -Signal  Galvanometer. 


Special  Apparatus  for  Cable  Telegraphy.— If  currents  of  high 
potential  are  used,  not  only  are  these  disadvantages  increased,  but  the  insulation 
becomes  much  less  perfect.  Specially-constructed  apparatus  had,  therefore,  to 
be  used  with  cables  like  the  Transatlantic.  As  only  very  weak  currents  could 
be  utilised,  care  had  to  be  taken  that  the  receiving  apparatus  should  possess 
great  sensibility.  For  this  purpose  mirror  galvanometers  were  first  employed. 

Mirror  Galvanometers.— It  is  clear  that  signs  may  be  produced  by  the 
deflections  of  the  needle  just  as  with  Morse’s  dash  and  dot.  Formerly,  there- 
fore,  mmor  galvanometers  were  exclusively  used  for  cable  telegraphy.  A form 
whmh  is  frequ^ently  employed  is  represented  in  Fig.  920  (Thomson’s).  The 
cylindrical  bobbin  ‘a  consists  of  two  coils,  which  are  separated  from  each 
other,  and  each  of  which  has  a resistance  of  1,000  ohms,  so  that  resistances  of 

L-n/nnr  obtained  by  joining  both  coils  parallel,  or  by 

using  one  coil  only,  or  by  joining  both  coils  in  series.  The  copper  tube  / 

space  of  the  coils,  and  carries  a magnet  with  the  mirror  at  b.  The  mirror 
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is  suspended  by  means  of  the  cocoon  threads  Cg.  The  bent  magnet  n s 
serves  to  neutralise  the  attraction  of  the  earth.  As  it  would  be  rather  fatiguing 
to  observe  the  deflections  of  the  needle  through  a telescope,  a beam  of  light 
or  picture  of  a slit  in  a lamp  screen  is  thrown  upon  a scale,  for  which  Siemens 
and  Halske  have  constructed  the  apparatus  shown  in  Fig.  921.  The  rays 
of  an  oil  lamp  are  allowed  to  pass  through  a small  slit  /fii  and  are  then 


Fig.  921. — Scale  for  Galvanometer. 


collected  by  the  lens  l.  The  slit  can  be  adjusted  by  means  of  the  screw  x. 
The  scale  / /is  fastened  at  the  upper  edge  of  the  case,  and  can  be  moved  along 
by  means  of  the  screw  s and  a toothed  bar.  The  mode  of  action  of  this  appa- 
ratus in  connection  with  the  galvanometer  is  shown  in  Fig.  922.  The  rays  of 
light  coming  through  the  slit  m are  thrown  by  the  lens  upon  the  mirror  r,  of 
the  galvanometer,  which  reflects  the  rays  at  a upon  the  scale  /.  The  image  thus 
produced  falls  upon  zero  on  the  scale  when  the  coils  of  the  galvanometer  are 
without  current,  and  the  image  moves  to  the  left  or  right,  according  as  the 
needle  is  deflected  to  one  side  or  the  other.  To  produce  this  deviation  of  the 
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needle,  even  with  the  longest  cable,  a battery  consisting  of  from  5 to  lo  copper 
zinc  cells  is  sufficient. 

In  order  to  send  currents  of  either  direction  into  a cable,  a double  tapper 
(i  II,  Fig.  923)  is  used,  which  consists  of  two  brass  springs,  i and  ii,  fixed  at  one 
end,  and  having  the  finger-buttons  at  the  other.  The  wires  from  the  battery 
are  brought  to  two  strips  of  brass,  one  of  which  (i),  connected  with  the  zinc, 
lies  below  the  springs,  but  without  touching  them;  the  other  (2),  connected 
with  the  copper,  passes  over  the  springs,  and  is  in  contact  with  both  when  they 
are  not  pressed  down.  Whichever  spring  is  pressed  down  becomes  connected 
to  the  zinc.  {^See  Fig.  878.) 

The  first  experiments  made  with  Transatlantic  cables  showed  that  a new  diffi- 
culty is  encountered  when  stations  that  are  far  distant  are  connected  to  earth, 
that  is  to  say,  when  the  ends  of  the  cable  are  connected  to  earth  in  the  usual 
as  to  exclude  connection  of  every  battery.  The  experiments  showed  that 


Fig.  923. — Cable  Connections. 


there  is  often  a considerable  difference  of  potential  between  distant  parts  of  the 
earth,  which  causes  earth  currents  to  flow  along  the  cable  or  leads  connecting 
them.  Varley  avoided  this  evil  by  inserting  condensers,  to  which  the  cable-ends 
were  connected,  and  thus  avoiding  the  direct  connection  of  the  cable  with  earth. 
I he  connection  of  the  apparatus  at  the  cable  stations,  and  the  joining  of 
e stations,  IS  shown  in  Fig.  923.  From  the  galvanometers  gg'  of  stations 
A and  B leads  ««  go  to  earth  e'^  and  to  the  commutators  uu\  which,  when 
at  ryt,  have  the  position  shown  at  Wires  lead  from  the  commutators  to  the 
ensers  M m , the  second  coats  of  the  condensers  being  joined  to  the  cable 
he  necessary  currents  are  furnished  by  the  batteries  b and  b\  the  zinc  poles 
which  are  joined  to  the  keys  i ii  by  means  ofi  i',  the  copper"  poles  cF  to  keys 

keya  n ”whh  f rth  'e;  e.”'  commutator,  and 

*e  commutator  is  moved  from  its 
position  as  in  and  assumes  that  shown  in  «.  The  negative  pole  0 of  the 

attery  is  then  connected  with  the  commutator  u by  depressing  the  key  i and 
he  posurve  pole  r of  the  battery  is  left  eonnected  to  e”through\ev  ’ 

In  the  former  case  negative  electricity  will  flow  over  i and  ,L  ® ^ 

to  the  condenser  m,  where  it  spreads  over  the  lower  pllte.  and  mrucerpotwve 
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electricity  in  the  upper  plate,  while  it  sends  a certain  quantity  of  negative 
electricity  into  the  cable.  The  negative  electricity  flows  through  the  cable 
and  reaches  the  upper  plate  of  the  condenser  m',  while  it  binds  positive  elec- 


Fig.  924. — Thomson’s  Siphon  Recorder. 


tricity  in  the  lower  plate,  and  allows  negative  electricity  to  flow  througli  “ -f' 
and  the  galvanometer  to  earth  e'.  The  needle  is  deflected,  and  the  ligl“  •>.' 
image  moves  in  a certain  direction  from  the  zero  point  on  the  scale.  A nega-  1 
tive  current  is  now  being  sent  through  the  galvanometer  / of  station  b by 
depressing  key  i at  station  a.  But  when  ‘the  key  is  lifted  again  a positive  \ 
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current  is  sent  through  g.  The  first  current  causes  the  needle  to  deflect,  while 
lire  second  one  brings  it  back  again  to  its  former  position.  Not  more  than 
fifteen  to  seventeen  words  per  minute  can  be  obtained  when  galvanometers 
of  the  kind  above  described  are  used,  but  other  instruments  have  been 
constructed,  such  as  the  siphon  recorder  by  Sir  William  Thomson ; the  undu- 
lator,  by  Lauritzen  ; and  the  soot  writer,  by  Siemens,  which  permit  of  a greater 
speed  of  signalling. 

The  Siphon  Recorder. — Fig.  924  represents  an  ingenious  and  interest- 
ing instrument  called  the  siphon  recorder,  invented  by. Sir  William  Thomson. 
The  arms  of  a powerful  magnet,  consisting  of  a 
number  of  steel  plates,  Sch,  are  furnished  with  pole- 
pieces  N and  s : the  wire  coils  r r are  suspended 
between  these,  and  joined  to  the  leads  at  x and  y 
(Fig.  925),  To  make  the  magnetic  field,  in  which 
this  frame  is  suspended,  more  powerful,  a piece  of 
soft  iron  s N is  placed  inside  the  frame.  The  coils 
are  fastened  to  the  cocoon  thread  «,  and  the  cocoon 
threads  b b serve  to  maintain  them  in  a certain  posi- 
tion by  means  of  the  little  weights  g (Fig.  924). 

When  a current  flows  through  the  coils  the  frame 
will  be  turned  in  one  or  other  direction,  according 
to  the  direction  of  the  current.  This  motion  will 
be  transmitted  by  means  of  the  cocoon  threads  and  a lever  to  the  writing  arrange- 
ment, which  consists  of  the  glass  siphon  s f,  whose  upper  arm  dips  into  the  ink 
vessel  F ; while  its  other  arm,  which  terminates  in  a point,  marks  the  strip  of  paper 
that  is  slowly  moved  past  it.  A straight  line  is  produced  on  the  paper  while 
the  siphon  is  at  rest,  but  when  it  is  influenced  by  the  electric  current,  by  means 


Ct  c d-  e £ g hi'  J 1/  TII.TI,  0^  ji'  ^ ^ S i ii  ir  w'lc  'y'  z 

Fig.  926. — Siphon  Writing. 


of  the  wire  frame,  zigzag  lines  are  traced  on  the  paper,  which  correspond  to  the 
direction  of  the  currents  which -have  been  sent  through.  An  alphabet  has  been 
constructed  of  these  lines,  as  shown  in  Fig.  926 ; before  a and  after  z are  signs 
which  signify  ‘-All  right,”  “Understood.” 

In  order  to  produce  distinct  marks  on  the  paper,  the  point  of  the  siphon 
IS  made  so  fine  that  the  ink  does  not  flow  from  it  owing  to  capillary  action 
alone,  but  has  to  be  electrified  before  it  can  be  used  ; this  is  managed  by 
means  of  a so-called  mill,  which  consists  of  an  electro-magnetic  motor  of  the 
simplest  construction,  combined  with  an  induction  machine.  Upon  the  autta- 
percha  disc  of  the  latter  are  metal  spokes  arranged  radially,  which  '’have 
pieces  of  iron  attached  to  their  ends  ; underneath  this  wheel  is  an  electro-magn&t, 
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the  coils  of  which  have  intermittent  currents  passing  through  them,  which  rotate 
the  wheel  by  attracting  the  iron  pieces.  The  wheel  is  surrounded  by  two  semi-  1 
cylindrical  metal  jackets,  one  of  which  is  electrified  in  the  beginning.  When 
the  apparatus  is  set  in  motion,  electricity  is  generated.  The  negative  pole  j 

of  this  induction  machine,  and  the  shaft  upon  which  the  paper  rests,  are  ] 

connected  with  earth.  Electricity  enters  the  ink  vessel  from  the  positive  pole  i 

by  means  of  plate  k,  and  from  there  reaches  the  siphon.  The  fluid  in  the 
siphon  is  positively  electrified,  while  the  shaft  under  the  strip  of  paper  is  ’ 

negatively  electrified.  A continuous  current  of  sparks  passes  from  the  siphon 


point  to  the  paper  roller,  and  takes  the  ink  particles  along  with  it.  The  electro- 
motor also  serves  to  set  the  wheelwork,  which  is  connected  with  the  strip  of 
paper,  in  motion.  More  recently  the  mill  has  been  dispensed  with  and  me- 
chanical or  magnetic  vibrators  used  to  shake  the  ink  out  of  the  siphon. 

The  connection  of  two  stations  having  siphon  recorders  is  shown  in  Fig.  927. 
The  batteries  b b',  of  stations  i and  ii,  are  connected  with  double  keys,  from 
which  the  leads  run  over  the  commutators  u u'  to  the  recorders.  The  contacts 
upon  the  ebonite  pieces  m m of  the  commutators  are  connected  with  screws  T3. 
The  contacts  i,  2,  and  3 of  the  ebonite  pieces  n n'  are  connected  with  the  keys 
and  with  the  earth.  The  letters  and  Jo  indicate  the  wire  coils,  and  and  Ca 
the  condensers.  When  i wishes  to  communicate  with  ii  the  commutator  of 
station  i is  placed  upon  contact  3 at  n.  By  depressing  the  lower  key  at 
station  i a positive  current  from  battery  b will  take  the  following  way  : Through 
the  lower  key  into  the  contact  3,  and  from  n to  u.  Here  it  divides  into  two 
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branches : one  branch  flows  from  vi  to  T3,  the  other  to  Tj,  where  it  again  divides 
into  two  branches,  one  of  which  flows  through  the  coil  j,,  while  the  other 
flows  over  the  varying  resistance  of  Tj  Tj  to  the  condenser  Cj.  As  the  resistance 
of  these  two  branch  currents  is  considerably  greater  than  the  resistance  which 
the  branch  current  encounters  at  Tg,  a current  flows  through  which  is  only  just 
strong  enough  for  recording  the  telegram  to  be  sent,  while  the  main  current  flows 
to  the  condenser.  Between  Cj  and  Cg  the  same  phenomena  happen  as  were  con- 
sidered in  connection  with  Fig.  923.  A positive  current  arrives  at  station  11  and 
flows  through  the  coil  over  Xj  u'  and  the  contact  i of  m'  into  the  double 
keys,  and  thus  to  earth  at  e',  that  is  to  say,  a positive  current  flowing  through 
the  coil  So  deflects  the  coil  in  a certain  direction,  and  traces  a certain  curve 
on  the  paper  by  means  of  the  siphon.  When  the  upper  key  of  station  i is 
depressed,  the  positive  pole  of  battery  b is  connected  with  earth  at  E,  and  a 
current  is  enabled  to  flow  from  the  negative  pole,  over  contact  3 to  «,  and  so 
on  to  the  condenser  Cj.  A negative  current  will  flow  from  the  condenser  Cg 
through  the  coil  s^,  which  will  then  be  deflected  in  a direction  opposite  to  its 
former  direction,  and  thus  cause  the  siphon  to  trace  a curve  in  the  opposite 
direction  also. 


HOUSE  AND  HOTEL  TELEGRAPHY. 

^ The  apparatus  used  for  telegraphy  in  houses  and  hotels  is  of  a very 
simple  construction,  and  usually  consists  of  a key  for  making  contact  at  the 

place  from  which  the  communication  is  sent,  with  a bell  and  indicator 

showing  either  the  purpose  of  the  communication  or  the  number  of  the 
room  froin  which  it  is  sent.  The  keys  used  have  frequently  the  form 

shown  in  big.  928  in  plan  and  elevation,  and  consisting  of  a base  ^ a 

t ^ furnished  with  the  contact  springs 

’ n means  of  screws  at  a and  and  overlap,  but  do  not 

touch  at  thetr  other  ends  unless  c be  pushed  in.  The  case  b ik  which  *e 
pu^sh  CIS  first  inserted  is  screwed  upon  a,  which  is  furnished  with  the  screw  if. 

ka*  atTa{{  “nd  are  connected  with  the 

eads  at  a and  tJ.  By  pushing  in  ^ the  springs  //\  which  are  connected  in 

yj  wiiicii  IS  In  connection  with  onp  wir^^  /^r  i j t -i 

wire  is  connected  with  the  spring  By 

pushed  in,  and  contact  with  the  support  ceaserso  di^  th  T"® 

The  so-called  vibrators  or  treiiiblersTre  ufed  Vr  "tTcs'  " 

bells  such  as  those  shown  in  Fin  no.  TKa  ■ These  consist  of 

is  very  simple  when  i7k  ll  ^ a ““Action  of  the  bell  with  the  key 

place,  and  when  no  return  iiiesTel  nlrr;  Xe"po1fo1  fh?ba.Te"t 
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connected  with  one  spring  of  the  key,  while  the  line-wire  connects  the  second 
spring  of  the  key  with  the  bell,  the  second  clamp  of  the  bell  being  connected 
with  the  second  pole  of  the  battery.  Where  signals  are  to  be  sent  and  received. 


Fig.  928.— Keys. 


Fig.  929.  Fig.  930. 

Connection  of  Vibrators. 


the  connection  would  be  as  shown  in  Fig.  929.  T x represents  the  keys,  and 
G G the  bells,  which  are  inserted  in  the  circuit  of  battery  lb.  A connection  for 
an  open  circuit  is  shown  in  Fig.  930. 

Different  contrivances  are  connected  with  the  bells  in  order  to  show  from 
which  room  the  message  has  been  sent.  Fig.  931  represents  Brdguet’s  indi- 
cator. The  armature  a is  fastened  above  the  electro-magnet  m by  means  of  the 
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spring/  The  catch  s consists  of  sheet-metal,  it  is  movable  about  o.,  and  with  its 
hook  n hooks  on  to  the  end  of  the  armature;  it  is  maintained  in  its  vertical 
position  as  long  as  the  magnet  is  without  current,  but  as  soon  as  a current 


931- — Br^guet’s  Indicator. 


Fig.  932.— Br6guet’s  Box  of  Indicators. 


^sses  through  the  coils  of  the  electro  magnet,  the  armature  moves  downward 

Rg  ora  hT  ''“"‘r " The  indicator  box  T, 

wifh  rr  ““I  a “ ‘here  are  keys  connected 

W h the  battery  B and  bell  o.  The  ends  u of  the  electro-magnets  aie  connec  ed 

«ith  the  keys  by  means  of  the  clamps  The  other  ends  of  the  wires 
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of  the  electro-magnets  lead  to  clamp  Kg,  from  which  a wire  leads  to  the  bell  a, 
the  second  wire  of  which  is  connected  with  one  pole  of  the  battery.  The 
second  pole  of  the  battery  is  connected  with  the  second  contacts  of  the  keys. 
If,  for  instance,  the  third  key  is  depressed,  the  bell  rings,  and  at  the  same  time 
the  indicator  makes  its  appearance  ; the  indicator  is  pushed  into  its  former 
position  again  by  the  attendant. 

An  indicator  having  numbers,  constructed  by  Hagendorff,  is  shown  in  Fig. 
933.  The  electro-magnet  m m is  screwed  to  the  wall  t of  the  frame,  and  its 


Fig.  933. — House  Indicators. 


armature  A is  held  back  by  means  of  a spring//  the  bent  lever  ^ //j  is  pivoted 
to  the  jnece  p,  and  its  arm  //  carries  the  disc  with  a figure ; the  disc,  when  at 
rest,  stands  vertical,  and  is  maintained  in  its  position  by  the  pin  of  the 
armature,  which  catches  the  lever-arm  at  «.  When  a current  passes  through 
the  coils  of  the  electro-magnet,  its  armature  is  attracted,  and  the  pin  allows 
the  lever  to  drop  down.  The  lever  then  assumes  such  a position  that  the  disc 
makes  its  appearance  before  a little  opening  in  the  indicator  box.  The  lever  is 
made  to  assume  its  former  position  again  by  means  of  the  rod  z,  the  knob  k ol 
which  is  placed  outside  the  right  wall  of  the  box;  by  pulling  this  knob  the 
rod  z moves  from  left  to  right,  and  catches  the  rods  r,  which  are^  fastened  to 
the  lever,  with  its  openings  a a.  The  pin  s,  which  is  visible  in  the  oi>en 
portion  of  the  rod  z,  serves  to  prevent  the  rod  z from  being  pulled  out  too 
far,  and  in  this  task  it  is  further  aided  by  the  spring  / When  not  only  signs, 
but  whole  messages  are  to  be  sent,  the  simplest  plan  would  be  to  have  a double 
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telephone  station  fitted  up ; needle  and  dial  instruments,  however,  are  frequently 
used  for  this  purpose. 

Automatic  Alarm  Apparatus  are  frequently  used  to  indicate  or  sound 
an  alarm  under  certain  circumstances  of  danger,  as  when,  for  instance,  a door, 
window,  etc.,  is  opened  by  strangers,  or  when  the  temperature  has  risen  or 
fallen  beyond  a certain  point,  etc.  etc. 

Door  Contacts. — The  opening  of  a door  can  be  indicated  by  means  of  so- 
called  door  contacts,  which  are  inserted  in  the  circuit  of  a battery.  Two  of  such 


contacts  are  shown  in  Fig.  934.  The  metal  plate  a a is  let  into  the  jamb,  so  that 
Its  surface  a a is  in  the  same  plane  as  the  surface  of  the  jamb.  Inside  the  plate 
w ich  IS  connected  with  the  leads  at  a,  is  fastened  the  contact  c,  which  touches 
a contact  / when  the  door  is  opened;  the  spring  / is  fastened  at  the  top  of 
plate  A A,  and  from  it  the  second  wire  leads.  As  long  as  the  door  remains 
closed.  It  presses  the  insulated  knob  k against  the  spring  / so  that  contact  is 
broken  at  ^ When  the  door  is  opened,/  pushes  the  knob  k out,  and  makes 
contact  with  ..  _ The  current  flows  over  a,  a a,  / and  b,  and  the  bell  rings 
until  the  door  is  shut  again.  When  the  opening  of  a door  has  to  be  it 
dicated  by  a short  signal,  only  the  contact  to  the  right  in  Fig.  934  is  used.  To 
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the  metal  piece  c d\%  fastened  the  spring  with  its  horn  piece  k.  The  spring  a 
is  fastened  parallel  to  spring  b,  and  each  of  these  springs  is  connected  with  one 
wire  of  the  leads.  The  arrangement  is  fitted  to  the  jamb  in  such  a manner  that 


Fig.  936. — Egger’s  Fire  Alarms. 


the  door-edge,  when  opening  or  shutting,  passes  over  the  spur-piece  K.  A bell 
connected  with  this  contact  will  ring  as  long  as  spring  b is  in  contact  with  a. 

Fire  Alarms. — An  automatic  fire  alarm,  which  has  been  constructed  bv 
W.  F.  Fein,  the  action  of  which  depends  upon  the  fusibility  of  some  alloy,  is 
shown  in  Fig.  935.  The  brass  tube  M has  an  ebonite  ring  attached  to  it  at  h. 
through  which  the  contact  screw  b passes,  being  insulated  thus  from  v ; the 
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tube  r is  fastened  to  the  middle  piece  z,  and  a rod  passes  through  both  tubes 
and  terminates  in  a knob  K,  which  presses  upon  a cylinder  s,  consisting  of  the 
fusible  alloy.  The  apparatus  is  now  inserted  in  the  circuit  of  a battery ; when 
the  cylinder  s melts,  the  rod  slides  dowm  the  tube  r,  and  makes  contact  with 
the  screw  b and  the  portions  of  the  apparatus  in  connection  with  the  spring  f. 
Several  of  these  instruments  may  be  inserted  in  a circuit,  as  shown  in  Fig.  935  a. 

Fig.  936  represents  an  apparatus  constructed  by  B.  Egger,  of  Vienna,  by 
means  of  which  any  person  may  communicate  with  the  central  station  of  a fire 
brigade.  The  instrument  has  five  keys : the  highest  has  the  words  “ chimney 
fire,”  the  next  “roof  fire,”  then  “room  fire,”  “cellar  fire,”  and  “control.”  At 
the  bottom  of  the  apparatus  are  placed  the  bell  u,  a Morse  key  w,  and  the 
lightning  protector  v.  The  figure  on  the  right  shows  that  the  whole  apparatus 


is  divided  into  three  portions  by  means  of  the  four  plates  a,  which  are  supported 
by  cc  and  b b.  The  uppermost  portion  has  a wheel  work,  and  the  middle  portion 
is  fitted  with  the  five  keys.  The  arrangement  of  one  of  these  is  shown  in 
detail  m Fig.  937.  The  key  d which  moves  about  / is  pressed  against  the  front 
wall  of  the  box  by  means  of  the  spring/.  The  key  is  connected  with  the  arm  e 
by  means  of  a joint ; the  end  of  this  arm  rests  upon  the  sector  h,  which  moves 
about  g.  The  lever  k which  moves  about  i stands  opposite  this  sector  in  such 
a position  that  the  angular  piece  I touches  the  periphery.  The  spring  0 has  a 
plaunum  contact,  which,  when  at  rest,  touches  the  contact  screw  m,  and  is 
maintained  in  this  position  by  means  of  k,  and  the  spring  f.  The  weight  r,  which 
moves  between  guiding  bars,  sets  the  wheelwork  in  motion.  When  the  key  d 
is  pushed  in  the  sector  h assumes  the  position  shown  by  the  dotted  lines  and 
1 ts  the  weight  r.  If  the  key  is  allowed  to  assume  its  former  position  the  lever 
e also  goes  back  into  its  former  position,  and  the  sector  //,  influenced  by  the 
descending  weight  r,  likewise  moves  back  into  its  former  position.  During  this 

^ inequalities  of  the  periphery 

o the  sector,  and  this  causes  the  lever  k and  the  spring  ^ to  vibrate,  and  to  make 
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contact  alternately  at  m and  n.  By  referring  to  Fig.  938  it  will  be  seen  that  the 
^ contact  n is  connected  with  the  lever  0 as  well  as  the  lever  k,  and  therefore  it 
follows  that  every  time  0 touches  n a current  is  sent  off.  These  different 
currents  produce  the  word  which  is  on  the  key  at  the  receiving  station.  At 
this  station  are  arranged  a lightning  protector  b (Fig.  938),  a relay  r,  a 
galvanometer  g,  an  alarm  w,  a Morse  apparatus  M,  a key  t,  the  line  battery 
L B,  and  the  local  battery  o B.  When  the  key  w is  depressed  a current  flows 
from  the  line  battery  l b over  T,  through  the  galvanometer  g,  and  the  relay  r,  to 
the  plate  b,  thence  through  the  line  to  the  automatic  apparatus,  and  then 
through  the  lightning  protector  v to  the  contact  n.  As  often  as  the  latter  comes 
in  connection  with  the  spring  0,  a current  passes  over  the  lever  k,  and  the 


bell  «,  to  earth  e,  and  thus  returns  to  the  starting  battery,  for  the  second  pole 
of  L B is  also  connected  with  earth.  The  current  flowing  through  the  relay  r 
closes  the  circuit  of  battery  o b,  and  the  Morse  apparatus  m.  The  action  of 
the  relay  also  causes  the  key  f to  fall,  whereby  the  circuit  of  the  bell  w is 
closed.  The  key  t now  allows  the  operator  to  re-connect  the  line  with  the 
earth,  so  that  a signal  may  be  sent  back.  Many  of  such  systems  of  apparatus 
have  been  in  use,  and  they  have  worked  in  a very  satisfactory  manner. 


ELECTRIC  CLOCKS. 

Electricity  is  used  in  connection  with  clocks  in  three  different  ways : 
(i)  To  control  distant  clocks  from  one  standard  clock;  (2)  To  regulate 
clocks  that  are  independent  of  each  other;  (3)  As  the  motive-power.  The 
transmission  of  time  from  a standard  clock  was  tried  by  Steinheil  in  1839. 
Electric  clocks  have  been  constructed  by  Bain,  Hipp,  Arzberger,  Brdguet, 
Winbauer,  and  others.  Fig.  939  represents  an  arrangement  by  Bain.  The 
standard  clock  is  represented  by  the  pendulum  d,  the  wheelwork,  etc,  being 
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left  out  of  the  figure.  This  pendulum  has  a copper  spring  at  d,  which  glides 
over  the  copper  plate  c once  in  every  second.  By  means  of  this  contact 
arrangement  the  circuit  of  battery  z k is  closed  once  in  every  second.  The 
clocks  to  be  regulated  are  inserted  in  the  circuit  of  the  battery  zk,  by  means 
of  electro-magnets,  such  as  m in  the  figure.  The  current  reaches  the  electro- 
magnets M,  and  causes  the  attraction  of  the  armature  i>.  A spring  g is  fastened 
at  die  lower  end  of  the  rod,  which  carries  the  armature  and  also  the  catch 
which  catches  in  the  teeth  of  wheel  e.  When  the  armature  b is  attracted  by 
the  magnet  m the  catch  slides  over  one  tooth  of  the  wheel,  and  the  magnet 
loses  its  force  of  attraction  during  the  break  of  current  which  follows.  In 
consequence  of  this  the  armature  is  drawn  back  by  the  spring  and  the  catch 


moves  the  wheel  one  tooth  forward.  The  safety  catch  fastened  at  the  bottom 
of  the  wheel  e prevents  the  other  catch  from  going  over  more  than  one  tooth 
at  a time.  Hence,  the  motion  of  the  clock  connected  with  m is  not  regulated 
by  a pendulum  of  its  own,  but  by  the  escapement  attached  to  b,  which  releases 
and  checks  the  wheel  ^ synchronously  with  the  motion  of  the  pendulum  d.  The 

motion  of  the  wheel  ^ is  transmitted  in  the  ordinary  way  to  the  minute  and 
hour  wheels. 


Br^guet’s  Lantern  Clock  is  shown  in  Fig.  940 ; it  possesses  two  electro- 
magnets E E,  joined  in  series  in  such  a way  that  their  opposite  poles  face  each 
other  whenever  a current  flows  through  the  coils.  The  permanent  magnet  a a, 
w ich  IS  movable  about  v,  is  placed  between  these  electro-magnets.  The  currents 
are  sent  through  once  every  minute,  and  alternately  in  opposite  directions.  This 
causes  the  permanent  magnet  to  move  once  to  the  right  and  once  to  the  left  every 
two  minutes.  This  motion  is  transmitted  by  means  of  the  rod  t to  a system  of 
catches  ; which  move  the  wheel  r,  which  in  its  turn  moves  the  hour  hand. 
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The  change  of  current  which  takes  place  every  minute  is  brought  about  by  a 
commutator,  such  as  that  shown  underneath.  The  ivory  cylinder  is  fastened 
upon  the  axis  /,  which  is  moved  by  means  of  a wheel  with  ten  teeth  through  a 
certain  angle  every  minute.  The  surface  of  this  ivory  cylinder  is  furnished  with 
platinum  pins,  which  alternately  come  into  connection  with  the  upper  and  the 


t 

Fig.  94a — Breguet’s  Clock. 


lower  plate.  The  lower  plate  is  fastened  upon  the  axis  / without  insulation,  but 
the  upper  plate  is  insulated  from  the  axis,  and  stands  connected  by  means  of  the 
spring  c with  the  negative  pole  of  the  battery.  The  positive  pole  communicates: 
with  the  non-insulated  metal  portions  of  the  commutator,  and  also  with  the 
platinum  pins  of  the  lower  plate  g.  The  lines  l and  e are  connected  with  the 
contact  springs  a and  b,  which  slide  upon  the  ivory  cylinder.  When  the  spring  s. 
is  in  connection  with  a lower  platinum  pin,  and  spring  b with  an  upper  platinum 
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pin,  the  current  flows  from  + through  the  axis  i and  plate  g,  to  the  lower 
platinum  pin,  through  the  spring  a into  the  line,  and  then  back  to  the  negative 
pole  over  e b,  and  so  to  an  upper  platinum  pin  over  / and  c.  During  the  next 
minute  the  ivory  cylinder  has  moved  so  far  that  the  spring  a comes  in  contact 
with  the  next  upper  platinum  pin,  and  the  spring  b with  the  lower  platinum 
pin.  The  current  has  now  to  flow  in  the  opposite  direction  through  the  line, 
viz.,  from  + over  / and  B into  the  line  e from  which  it  returns  at  l,  and  then 


passes  over  a,/,  and  and  finally  reaches 
the  negative  pole. 

Synchronised  and  Sympathetic 
Clocks. — By  means  similar  to  those  just 
explained,  one  standard  clock,  in  whatever 
way  regulated,  may,  by  means  of  magneto- 
electric currents,  convey  absolutely  iso- 
chronous movements  to  any  number  of 
affiliated  clocks  at  any  distance.  Clocks 
which  possess  works  of  their  own,  and  are 
only  connected  between  certain  intervals 
by  means  of  electricity,  are  termed  secon- 
dary clocks,  or  when  the  connections  take 
place  regularly  every  hour,  the  arrange- 
ments for  making  them  are  called  hour 
regulators.  The  hour  regulator  by  Barraud 
and  Lund,  which  is  distinguished  by  its 
simple  construction,  is  shown  in  Fig.  941. 

The  vertical  electro-magnet  m in  possesses 
an  armature,  which  is  movable  about  f, 
and  which  has  the  weight  g attached  to 
one  end,  and  a bar  to  the  other  end.  This 
bar  terminates  in  the  two  pins  r r'  \ these 
pins  catch  in  the  slits  s s'  of  two  movable 
angular  pieces  s s'/.  (For  the  sake 
of  distinctness,  r r has  been  represented 
in  the  figure  so  as  not  to  catch  j/.)  As  long  as  no  current  flows  through  the 
coils  of  the  electro-mapet,  the  pins  p p' , which  reach  through  an  opening  of  the 
c ock-face  at  o.  remam  at  the  ends  of  the  circular  hole.  The  minute  hand 

to  t»?  P'"-  is  close 

ts  The  magnet  re  » attracts 

Pieces  rit  'Jh  T"  in  the  slits  sr>ove  the  angular 

D ^ win  hf  f “ds  cross  like  the  blades  of  a pair  of  scissors.  The  two 

Tele  -Ae  c ’ ‘’c''*  ‘“'<1  i'  exactly  at 

former  position  and  the  pins  /'/  are  drawn  again  to  their 

lormer  position  by  means  of  weight  g. 

Hipp  s Connecting  System  is  represented  in  Fig.  942.  The  plate  « 


^‘g-  94c — Barraud  and  Lund’s  Regulator. 
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carries  the  vertically  arranged  electro-magnet  <?i,  the  armature  of  which  is 
movable  about  the  fulcrum  The  hook  of  the  armature  lever  holds  the 
lever  which  is  movable  about  the  fulcrum  in  the  position  shown  in  the 
drawing,  as  long  as  no  current  flows  through  the  coils  of  the  electro-magnet. 
The  lever  has  at  a block  with  a V-shaped  incision,  and  the  wheel  has 
a pin  attached  to  its  front  side  at  When  the  armature  is  attracted  by 

the  electro-magnet  the  lever  is  released,  and  the  block  falls  upon  the 

pin  Vy  then  the  wheel  x-^  is  moved  a little  forward  or  backward,  according  as 
the  clock  is  fast  or  slow,  and  the  hands  are  thus  made  to  mark  twelve  o’clock  ' 

exactly.  The  block  Wj  is  so  cut  that  it  can  catch  the  pin  when  it  is  as 


‘much  as  five  seconds  before  or  behind  time.  When  the  pin  Pi,  which  is 
fastened  upon  the  hour  wheel  Zi,  comes  under  the  projection  the  lever  Jj 
is  brought  into  its  former  position  again.  A regulator,  which  furnishes  a 
current  at  regular  intervals,  is  used  as  a standard  clock.  If  the  current  is  ; . 
required  to  act  only  every  six  hours,  the  two  contact  springs  and  are  s ^ 
inserted  in  the  circuit.  The  current  therefore  will  only  reach  the  coils  of  the  f 
electro-magnets  when  the  two  springs  touch  each  other  at  i>u.  This  happens  r 
only  twice  during  the  complete  revolution  of  the  hour  wheel,  that  is,  when  one 
of  the  two  pins^i_yi  presses  against  the  projection  of  the  spring  This 
system  is  chiefly  intended  for  the  regulation  of  electrical  clocks  which  are 
furnished  with  pendulums,  and  for  translation  regulators  for  clocks  connected 
in  an  extensive  network. 

Hipp’s  Electrical  Clock  Pendulum  is  shown  in  Fig.  943.  The  pendulum 
has  a peculiarly  constructed  armature,  which  is  designed  to  make  the  current  * 
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in  an  electro- magnet  only  when  it  is  required.  When  the  arc  of  oscillation 
diminishes  beyond  a certain  mark,  the  circuit  of  the  electro-magnet  is  closed, 
and  the  armature  at  the  lower  end  of  the  pendulum  is  attracted,  and  gives  a 
new  impulse  to  the  pendulum.  The  current,  of  course,  has  to  be  broken 
before  the  armature  comes  opposite  the  poles  of  the  electro-magnet,  that  is 
to  say,  before  the  pendulum  j3, asses  the  vertical  and  the  armature  begins  to  leave 
the  magnet.  The  break  and  make  of  the  current  are  managed  in  the  following 
manner : The  prism  d is  fastened  on  the  pendulum  rod,  about  the  middle  of 


its  total  length ; ^ is  a spnng,  one  end  of  which  is  fastened  at  a,  while  the 
other  end  is  free,  and  rests  upon  an  agate  point  at  and  a little  steel  plate, 
called  the  “ palette,”  is  suspended  from  the  spring  c.  Above  it  is  a screw 
which  is  connected  with  one  pole  of  a battery,  while  the  other  pole  is  con- 
nected with  the  spring  c.  Ihe  current  is  made,  and  the  electro-magnet  is 
excited  every  time  the  spring  c touches  the  upper  contact  at  The  pendulum 
rod  and  the  palette  e are  in  the  same  vertical  plane,  and  in  order  that  it 
may  be  able  to  oscillate,  the  pendulum  rod  is  arranged  at  this  point,  as  shown 
m the  figure,  that  is  to  say,  it  is  bent  at  right  angles.  As  long  as  the  arc 
of  oscillation  is  sufficiently  large,  the  prism  passes  underneath  the  palette  (?, 
and  the  spring  ^ remains  upon  the  agate  point ; but  when  the  arc  diminishes 
e catches  in  a groove  of  the  prism,  and  lifts  the  spring  c,  thus  making  contact 
at  Cl,  and  closing  the  circuit.  The  magnet  then  attracts  its  armature,  and 
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gives  a new  impulse  to  the  pendulum ; when  the  latter  moves  on  under  the 
influence  of  this  new  impulse,  e slides  down  again  from  the  prism  d,  and 
breaks  the  current.  The  attraction  of  the  magnet  now  ceases,  and  the  pendulum 


continues  to  oscillate.  The  number  of  times  the  current  is  made  during  a 
certain  time  depends  upon  the  strength  of  the  battery  and  the  resistance  of  the 
electro-magnet.  Doppler  observed  that  when  two  newly-fitted  Leclanch^ 
elements  were  used,  at  first  the  current  was  made  every  forty  seconds,  but 
after  some  months  it  was  made  every  twelve  or  eighteen  seconds,  without 
the  clock  showing  any  irregularity. 
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Electrical  Watchman-Clocks  are  used  to  show  whether  the  watch- 
man of  a factory,  theatre,  etc.,  really  makes  his  rounds  at  the  appointed  time. 
These  control  clocks  consist  in  principle  of  a clock  which  keeps  good  time 
connected  with  an  electrical  registration  apparatus.  The  watchman  causes  the 
time  of  his  passing  to  be  registered  by  depressing  the  keys  which  are  arranged 
at  certain  places  on  his  beat. 

The  apparatus  constructed  by  Hipp  for  this  purpose  is  shown  in  Fig.  944. 
Let  us  suppose  that  the  apparatus  is  intended  for  four  controlling  places.  In 
the  lower  portion  of  the  clock  case  are  the  four  electro-magnets  to 
each  of  which  has  a movable  armature;  for  instance,  has  the  armature 
which  moves  about  the  fulcrum  r^.  This  armature  is  adjusted  by  the  screw 
which  rests  with  its  point  upon  the  two-armed  lever  which  is  movable  about 
a fulcrum  at  7^.  By  depressing  the  key  of  the  electro-magnet  M4,  the  magnet 
is  made  to  attract  its  armature  and  thus  to  depress  the  short  arm  of 


, Fig.  945. — Register  of  the  Clock. 

the  lever.  The  other  arm  S4  is,  therefore,  raised,  and  the  pencil  that  the 
lever  carries  is  pushed  through  the  slit  which  is  above  it.  The  writing  levers 
belonging  to  the  remaining  electro-magnets  are  bent  in  such  a manner  that 
their  pencils  may  be  pushed  through  the  slit  s parallel  to  each  other.  Above 
the  slit  moves  a strip  of  paper,  the  breadth  of  which  depends  upon  the  number 
of  electro-magnets  or  controlling  places.  The  paper  is  kept  in  motion  by 
the  wheelwork  of  the  clock.  When  the  watchman  makes  his  rounds  at  the 
time  arranged,  he  depresses  the  different  keys,  and  by  this  means  marks  the 
paper.  To  determine  the  time  at  which  the  marking  took  place,  the  paper 
strip  IS  ruled  with  thin  and  thick  cross  lines ; the  former  indicate  quarters  of  an 
hour,  the  latter  hours.  A round  of  an  hour,  during  which  four  stations  have 
to  be  visited,  would  show  the  marking  represented  in  Fig.  945, 

Electric  registration  clocks  are  intended  to  allow  an  observer  to  register  the 
instant  of  an  event  occurring.  In  one  form  of  this  clock  the  observer  starts  the 
apparatus  at  a.  given  time,  and  thus  puts  a strip  of  paper  in  motion  as  in  Morse’s 
telegraph.  A dot  is  then  imprinted  on  the  paper  every  second  by  means  of  a 
sinaple  connection  with  an  astronomical  clock,  or  the  paper  is  ruled  for  hours 
and  minutes  and  wrapped  on  a roller  turned  by  the  clock.  A separate  marking 
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apparatus,  under  the  control  of  the  experimenter,  by  simply  making  contact  b> 
pressing  in  a key,  enables  him  to  interpolate  a dot  or  mark  corresponding  to  the 
instant  of  any  event  happening — such,  for  instance,  as  the  transit  of  a star. 
This  method  has  the  advantage  of  leaving  the  observer  at  entire  liberty  to  watch 
the  object  without  having  to  attend  to  the  beats  of  the  clock,  whilst  it  renders 
mistakes  next  to  impossible.  It  has  been  successfully  applied  to  the  determina- 
tion of  longitudes,  and  to  all  kinds  of  astronomical  observations,  by  Mr.  Bond, 
m America,  and  by  Sir  G.  Airy,  at  Greenwich. 

Electric  chronoscopes  are  instruments  for  the  measurement  of  excessively 
short  intervals  of  time,  such  as  the  flight  of  military  projectiles,  and  even 
the  transmission  of  sensation  and  motion  along  nerve  fibres.  Such  instru- 
ments have  been  constructed  on  a great  variety  of  principles.  Those  of  Pouillet, 
Wheatstone,  and  Siemens  deserve  especial  mention. 


Railway  Station 
bell-signals,  called  the 


Fig.  946. — Double- Bell. 


RAILWAY  SIGNALLING. 

Signals. — Fig.  946  represents  an  arrangement  of 
“ Double  - bell ; ” Gj  and  Gg  are  two  bells ; Hj  Hj 
the  hammers  belonging  to  them.  Each  hammer  is 
pressed  towards  the  bell  by  a spring  /,  but  is  pre- 
vented from  touching  it  by  a more  powerful  spring  f. 
The  hammers  move  about  the  pivots  Xg.  When 
the  wire  z is  pulled,  and  then  suddenly  let  go  again, 
the  weight  of  the  hammer  assisted  by  the  spring  / 
causes  it  to  strike  against  the  bell ; it  cannot  rest  here, 
however,  because  it  is  immediately  lifted  off  by  the 
more  powerful  spring  f. 

The  wires  z are  connected  with  clockwork.  The 
clockwork  frequently  used  in  France  and  Austria  for 
line-signals  is  that  by  Leopolder,  shown  in  Fig.  947. 
The  motive-force  is  supplied  by  a weight  which  causes 
the  shaft  x to  revolve  by  means  of  the  rope  /.  The 
wire  that  communicates  with  the  bell  is  fastened  to 
the  arm  z of  the  lever  zz,,  the  arm  z,  of  which 


is 


lifted  by  the  pins  r of  the  wheel  R whenever  the  catch  is  pulled  back,  so  as  to 
liberate  the  wheel.  This  is  effected  by  means  of  currents  sent  into  the  coils  of  the 
electro-magnet  m m and  a system  of  jointed  levers  Hg  n and  c.  The  armature  a 
is  fastened  to  the  shaft  x by  means  of  /i,  and  when  it  is  attracted  the  shaft  x 
moves  through  a small  angle,  and  with  it  moves  also  the  angular  piece  G,  which 
is  fastened  upon  it.  This  releases  the  spur  e,  which  rested  on  G,  and  conse- 
quently e falls  between  p and  57,  and  Hg  catches  with  its  pin  y the  lever  n,  which 
moves  about  o.  The  projection  c,  which  rests  upon  n,  is  connected  with  the 
spiral  spring  f;  the  fan  w rests  upon  shaft  ti,  which  is  connected  with 
the  remaining  wheels  of  the  clockwork  by  means  of  a toothed  wheel.  When, 
therefore,  c loses  its  position  upon  u in  consequence  of  the  magnetic  attrac- 
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<ion  of  the  armature,  the  axis  of  the  fan,  and  with  it  the  whole  clockwork,  is 
«et  free,  and  the  signal  is  given.  The  clockwork  is  stopped,  when  the  current 
ds  broken,  in  the  following  manner:  The  shaft  is  moved  by  the  wheel  Rj  in 

the  direction  indicated  by  the  arrow,  and  lifts  the  pin  of  the  lever  h by  means 
of  its  own  pin  d ; Hj  is  also  lifted,  and  e is  again  placed  upon  the  plates  p and  q. 
The  motion  of  the  lever  h is  transmitted  to  Hg  and  the  lever  n,  and  c again  rests 
■upon  n. 

.\s  the  signal  line  has-  frequently  to  be  utilised  for  correspondence  by 


Fig.  947.— Leopolder’s  Signal  Clockwork. 


■means  of  a ?,forse  apparatus,  the  connection  of  the  different  instruments 
with  each  other  and  the  line  has  to  be  arranged  accordingly.  As  an  example 
of  such  a system  of  connection,  we  may  take  that  of  the  Austrian  North-west 
ailway.  The  lines  of  the  signalling  apparatus  have  constant  battery  currents 
-flowing  through  them,  and  are  connected  with  the  earth  at  almost  every  station. 
When  a current  arrives  at  the  station  by  the  line  l,  in  Fig.  948,  it  will  take 
the  following  course  : Through  the  lightning  protector  p into  the  signalling 
apparatus  n,  through  the  key  s into  the  relay  r,  thence  over  the  key  t and  the 
galvanometer  g to  earth.  The  commutator  e d i connected  with  the  relay  r 
•and  IS  generally  so  arranged  that  it  closes  the  circuit  of  the  local  battery  b, 

t Z «■  correspond,  the  local  circuit  is  closed; 

d this  has  the  effect  of  inserting  the  writing  apparatus  m.  The  relay  remains 
.permanently  inserted  in  the  circuit  before  it  acts ; the  spring  of  the  relay^armature 
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has  such  a tension  that  the  relay  does  not  require  the  current  to  be  completely 
broken,  but  lets  go  its  armature  when  the  current  is  only  weakened.  The 
springs,  however,  of  the  bell  apparatus  n have  only  a very  feeble  force  of 
attraction,  so  that  the  magnets  let  their  armatures  go  only  when  the  current  is 
completely  broken.  The  keys  tt^  are  so  arranged  that  by  depressing  them 
the  current  is  not  broken,  but  a resistance  is  inserted  in  the  circuit,  so  as  to 
reduce  the  strength  of  the  currrent.  Hence,  the  mode  of  action  of  the  total 
arrangement  is  as  follows : When  the  Morse  key  t of  a station  is  used  in  the 


Fig.  948. — General  Scheme  of  a Station, 


Fig.  949.— Connections  of  Signalling  Instruments. 


ordinary  manner  the  line  currents  are  weakened,  and  have  no  effect  upon  the 
armatures  of  the  magnets  of  the  bell  apparatus,  but  affect  the  relay  R of  the 
second  station,  and  the  message  sent  from  the  first  station  is  reproduced  by 
means  of  the  writing  apparatus  M.  When,  however,  by  means  of  the  automatic 
key  s,  the  currents  are  broken,  all  the  signalling  apparatus  of  that  line  is  brought 

into  action.  . . 

Several  methods  have  been  suggested  by  means  of  which  the  several  signallin& 

instruments  on  a line  may  be  connected.  The  method  of  joining  most  frequently 
used  to  secure  a continuous  current  in  the  line  is  shown  in  Fig.  949  ; l indicates 
the  signalling  apparatus ; Bi  and  Bo  the  batteries.  The  battery  b^  has  its  zinc 
pole  z joined  to  the  line,  and  the  battery  Pg  its  copper  pole  k,  so  that  those 
batteries  and  the  inserted  apparatus  have  a continuous  current  circulating 
through  them  when  at  rest. 
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Railway  Carriage  Signals. — A second  class  of  signals  are  the  so-called 
Intercommunication  Signals.  These  are  intended  to  enable  passengers  or  the 
guards  of  a train  to  communicate  with  the  engine-driver.  Fig.  950  represents  the 
joining  of  such  a system  of  signalling  by  Preece  and  Walker.  Each  guard’s  van  has 
an  alarm  w,  a battery  b,  and  a key  t,  and  every  other  carriage  has  a keyu.  Well- 
insulated  cables,  l e,  run  through  the  whole  length  of  the  train,  one  of  which  is 
connected  with  the  positive  poles  of  the  batteries,  the  other  with  the  negative 
poles.  As  long  as  no  key  is  depressed,  no  alarm  can  sound,  because  the  different 
batteries  are  simply  joined  in  parallel  circuit  to  the  lines  L and  E respectively,  and 
no  current  flows.  The  bell  rings,  however,  whenever  the  two  cables  l and  e are 
short-circuited  by  depressing  a key.  The  method  allows  the  train  officials  to  coni- 


Fig.  950. — Railway  Passengers’  Communicators. 


municate  with  each  other.  To  prevent  misuse  of  the  keys  by  passengers,  the  keys 
in  the  carriages  are  covered  by  glass  plates,  which  have  first  to  be  broken  before 
the  key  can  be  touched,  and  the  key  can  only  be  made  to  assume  its  former 
position  by  another  key  specially  constructed  for  the  purpose.  The  connection 
of  the  cables  between  the  different  carriages  is  shown  in  Fig.  951.  k is  the  cable 
consisting  of  two  wires,  r is  a gutta-percha  tube,  and  h is  an  iron  tube,  which  is 
connected  with  the  wall  w w of  the  carriage.  The  end  of  tube  has  a metal 
tube  M,  into  which  the  cylindrical  gutta-percha  piece  h is  fitted.  The  latter 
carries  the  two  steel  springs  f f,  with  their  prismatical  brass  pieces  m m,  which 
are  furnished  with  gutta-percha  plates  and  platinum  contacts  at  c.  The  ends 
of  the  cable  are  fastened  to  the  brass  prisms  by  means  of  the  screws  s Sy  When 
the  two  steel  springs  f f press  the  brass  prisms  against  each  other,  the  latter 
make  contact  at  and,  therefore,  connect  both  the  line-wires  with  each  other. 
If,  now,  a similarly  constructed  catch  of  a second  carriage  is  pushed  into  the 
first,  the  brass  prisms  press  each  other  asunder  and  break  contact  at  c,  but  one 
orass  prism  of  the  one  catch  presses  against  a brass  prism  of  the  other,  and  by 
doing  so  connects  the  wires  of  two  carriages  with  each  other,  whilst  the  gutta- 
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percha  plates  p prevent  short-circuiting.  To  prevent  a short  circuit  at  the  I 
last  carriage,  a guttapercha  piece  / is  placed  in  the  catch  in  order  to  keep  the  | 
brass  prisms  asunder.  ] 

The  Electric  Steam  Whistle. — During  fogs,  snow-storms,  etc.,  the  line  | 
signals  are  hidden  from  view,  and  therefore,  in  addition  to  the  optical  signals  \ 
already  described,  acoustical  signals  are  frequently  used.  Several  French  rail- 
ways use  the  electric  automatic  steam  whistle  constructed  by  Lartigue  and  Digney 
Frdres,  and  shown  in  Fig.  952.  p on  the  left  is  the  steam  whistle,  the  valve 
of  which  is  connected  with  an  electro  magnet  E on  the  right  by  a system  of  levers,  j 
Steam  can  only  be  admitted  to'  the  whistle  p from  the  tube  R,  through  the  valve  i 


Fig.  952. — Electric  Automatic  Steam  Whistle. 


d.  The  valve  rod  is  fastened  to  the  arm  of  the  lever  h,  and  the  latter  is  con- 
nected  with  by  means  of  the  rod  v.  The  armature  of  the  Hughes  magnet  | 
M E is  attached  to  at  a,  and  it  remains  in  the  position  shown  in  the  figure  as  f 
long  as  no  current  flows  through  the  coils  e of  the  Hughes  magnet,  and  when  r 
this  is  the  case  the  valve  d remains  closed ; but  the  valve  is  opened  when  a f i 
current  flows  through  the  coils,  e,  and  the  armature  a is  forced  off  by  means  of  | 
the  spiral  spring  coiled  round  v.  The  whistle  is  silenced  by  pushing  the  knob  * 
K,  which  lifts  the  lever  h^,  or  by  lowering  the  lever  g «,  which  causes  n to  lift  f 
the  lever  h.  In  this  case  the  armature  a is  brought  so  near  the  magnet  that  it  ft 
is  attracted,  assuming,  of  course,  the  current  has  meanwhile  been  broken.  ft 

The  connection  of  the  automatic  steam  whistle  on  the  locomotive,  with  the  1 
distance  signal,  is  shown  in  Fig.  953.  One  end  of  the  Hughes  magnet  of  f 
the  whistle  p has  leads  attached,  which  are  joined  to  a copper  brush,  which^  is  | 
insulated  and  hangs  below  the  engine  at  a.  The  other  end  is  connected  with  M 
the  metal  of  the  locomotive,  that  is  to  say,  it  is  connected  with  the  rails,  and,  | 
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through  them,  with  the  earth.  A contact  m n is  arranged  at  a convenient 
distance  from  the  distance  signal,  which  consists  of  a wooden  sleeper  placed 
lengthwise,  and  covered  with  thick  sheet  copper.  The  copper  is  connected  with 
a contact  arrangement  c of  the  signalling  disc  s,  by  means  of  the  insulated  leads 
L.  The  other  pole  of  c is  joined  to  L^,  which  goes  to  the  battery  and  thence  to 
earth.  The  contact  arrangement  is  such  that  when  the  distance  signal  stands 
on  “ stop,”  contact  is  made  between  l and  l^;  but  contact  is  broken  when 
the  signal  stands  at  “ free.”  As  soon  as  the  engine  has  passed  the  wooden 
piece  Q,  when  the  signal  stands  at  “ stop,”  the  copper  brush  a comes  into  con- 
tact with  M N and  closes  the  circuit.  The  current  passes  from  b over  to  the 


Fig-  953- — Electric  Automatic  Steam  Whistle. 


contact  c and  L,  and  thence  through  the  contact  a to  the  electro-magnet  of  the 
whistle,  then  through  the  metal  of  the  locomotive  to  earth,  and  back  through  e 
to  B , the  steam  whistle  then  begins  to  sound.  When,  however,  the  signalling 
disc  is  in  the  position  indicating  “ free,”  the  contact  at  c is  broken,  and  the 
whistle  cannot  be  made  to  sound  when  the  brush  a is  passing  the  contact  M n. 

Line  Signalling.— The  essential  parts  of  a system  devised  by  Putnam 
consist  of  an  apparatus,  which  is  contained  in  a box.  Its  arrangement  is  shown 
m Fig.  954.  M is  the  electro-magnet,  which,  with  its  armature  a,  is  fixed  to  the 
engine.  The  armature,  the  arm  h,  which  carries  the  signalling  disc,  and  the 
hammer  K of  bell  g,  are  movable  about  the  same  pivot  at,  while  the  spring  f 
sustains  the  hammer  k,  and  the  ball  z,  fastened  to  the  hammer  by  means  of 
a string,  opposes  its  weight  to  the  tension  of  the  spring.  When  a current  flows 
through  the  coils  of  the  electro-magnet,  and  the  armature  is  drawn  near  the 
magnet  by  means  of  the  string  and  weight  z,  it  is  held  fast  by  the  magnet.  This 
position  indicates  that  the  line  is  free,  and  the  signalling  disc  s remains  within 
the  box,  that  IS  to  say,  it  is  invisible.  When,  however,  the  coils  of  the  magnet 
are  currentless  the  armature  falls  off,  and  the  lever  system  assumes  the  position 
shown  in  the  figure.  The  signalling  disc  is  pushed  outside  the  box,  and  the  bell 
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rings.  The  bell-strokes  are  repeated  in  consequence  of  the  vibrations  of  the 
locomotive,  because  the  spring  f pulls  the  hammer  upward,  whilst  the  ball  z 
pulls  it  downward.  In  this  manner  the  engine-driver  receives  the  signal  which 
tells  him  to  stop.  The  working  of  the  signal  may  be  better  understood  from 
955-  The  leads  Lj  (Fig.  954)  are  conducted  to  the  metal  brush  p, 
which  is  in  front  of  the  locomotive  (Fig.  955),  and  thence  to  a pole  of  a 
small  dynamo  machine  which  is  worked  by  the  locomotive  •,  from  the  second 
pole  of  the  dynamo  machine  a wire  leads  to  the  brush  Pj  or  to  the  metal 
portions  of  the  tender.  The  line  is  divided  according  to  the  amount  of  traffic) 
into  distances  of  from  two  to  three  miles,  and  at  each  point  of  division  a portion 


c of  the  rails  is  insulated.  The  contact  brush  p slides  over  the  rails,  and  at  each 
point  of  division  an  apparatus  is  placed  which  consists  of  electro-magnets  m and 
Ml,  and  a lever  h which  bears  an  armature,  and  which  is  movable  about  a 
pivot  X between  the  two  magnets  and  between  two  pins,  a contact  pin  r,  and 
a stop  pin  s^.  When  the  lever  xy  lies  against  j,  the  length  of  rail  c is  m 
electrical  connection  with  the  rail  s ; but  when  the  lever  lies  against  Jj,  the 
connection  is  broken  at  y.  The  connection  s of  the  apparatus  at  the  se\er 
division  points  is  shown  in  the  figure.  When  a train  moves  from  section  i to 
section  ii,  and  the  brush  p^  slides  over  the  insulated  rail  c in  ii,  whilst  the  brus 
p glides  over  the  non-insulated  rails  s,  between  11  and  in,  the  following  circuity 
closed:  From  the  brush  p over  the  rail  s,  between  11  and  in,  througi  t ® 

apparatus  of  section  n and  electro-magnet  of  section  n,  and  then 
j and  ^ to  Pj.  The  magnet  m^  now  attracts  the  armature,  and  places  the  lever 
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a:  ^ of  the  section  n upon  the  insulated  pin  When  the  train  reaches  from 
section  iii  to  section  iv,  that  is  to  say,  bridges  over  the  gap  between  the 
insulated  rail  c at  iii  and  the  non-insulated  rail  s leading  to  iv,  the  following 
circuit  is  made : Through  the  brush  p to  i and  the  leads  Lg,  the  electro-magnet 

M of  section  ii,  the  leads  the  electro-magnet  of  section  in,  s,  c,  and 
The  magnet  m of  section  ii  attracts  the  armature,  and  lays  the  lever  xy  a.t  u on 
the  contact-pin  s,  while  the  electro-magnet  Mj^  of  section  iii  lays  the  lever  x y 
upon  the  insulated  pin  The  train  travels  entirely  on  s between  in  and  iv, 
and  short-circuits  its  signalling  apparatus  over  p^,  s,  and  p.  If,  however,  a 
second  train  passes  from  in  to  iv  whilst  the  first  train  is  still  between  in  and  iv. 


the  circuit  in  the  signalling  apparatus  of  the  second  train  is  broken  at  the 
moment  when  the  brush  p reaches  c of  in,  while  the  brush  p^  touches  u at  in, 
because  the  leads  over  ^ only  reach  to  the  insulated  pin  The  signalling 
apparatus  of  the  second  train  is,  therefore,  affected  in  the  same  manner  already 
described,  ^>^d  the  signal  “ stop  ” is  given.  The  circuit  of  the  signal  of  the 
second  train  will  be  closed  again  when  the  first  train  has  passed  the  insulated 
portion  of  IV,  because  by  doing  so  a current  is  sent  through  the  leads  l.  l-, 
between  in  and  iv,  to  the  magnet  m of  ni,  causing  the  lever  xy  to  be  laid  upon 
the  contact-pin  s.  ^ 

Any  system  of  signalling  in  which  the  apparatus  has  to  be  carried  by  the 
tram  has  many  drawbacks.  ' When  trains  run  very  frequently,  the  distances 
between  every  two  stations  should  be  divided  into  a corresponding  number  of 
sections,  and  each  subdivision  should  have  a means  of  showing  the  stop  signal 
so  as  to  detain  the  train  until  the  obstacle  to  its  further  progress  is  removed’ 
buch  an  arrangement  of  signals  is  known  as  the  Block  system. 
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CONCLUSION. 

With  these  methods  of  automatic  signalling,  we  propose  to  conclude. 
Although  it  will  be  seen  that  we  have  collected  an  immense  fund  of  in- 
formation bearing  on  the  applications  of  electricity,  yet  so  rapid  is  the  progress 
of  discovery,  and  so  numerous  are  the  workers  in  this  field  of  investigation  and 
enterprise,  that  we  cannot  hope  to  have  included  all  inventions  that  might  claim 
a place  in  our  record.  We  have,  however,  succeeded  in  showing  how  electricity 
has  become  one  of  the  most  important  physical  agents  of  civilisation,  and 
applicable  to  a great  number  of  the  conveniences  of  daily  life.  It  is  an  agent  at 
the  same  time  most  sensitive  and  most  powerful.  Its  sensitiveness  is  shown  in 
the  delicate  action  of  the  telephone  and  microphone,  and  its  great  power  in 
the  giant  motors  of  the  day.  It  has  rendered  great  service  in  medicine  and 
surgery,  and  its  searching  qualities  and  powers  promise  for  it  in  these  sciences 
a far  wider  use  than  has  hitherto  been  secured.  There  is  no  industry  that 
may  not  profit  by  its  aid,  and  no  art  with  which  it  may  not  possibly  be  con- 
nected. 

It  has  not  yet,  perhaps,  realised  the  dreams  of  those  who  have  expected  it  to 
.furnish  a means  of  utilising  the  power  of  the  Niagara  Falls  to  light  the  towns 
and  drive  the  mills  of  the  Northern  States,  or  of  such  smaller  falls  as  those  of 
the  Clyde  to  light  the  city  of  Glasgow,  and  to  work  the  steam-hammers  of  the 
ship-yard  forges.  It  may  not  yet  have  been  the  means  of  storing  up  the  power 
of  the  tides,  of  the  river-floods,  of  the  lightning-flash,  or  of  the  solar  heat. 
Nevertheless,  the  record  of  its  achievements  which  we  have  been  able  to 
detail,  is  sufficiently  great  to  show  how  extremely  rash  it  would  be  for  any  one  to 
assign  a limit  to  what  it  may  possibly  accomplish  in  the  future.  Indeed,  nearly 
all  the  triumphs  of  science  mentioned  in  Macaulay’s  eulogium  of  the  Philosophy 
of  Bacon  may  be  claimed  for  electricity  : — 

“It  has  lengthened  life;  it  has  mitigated  pain;  it  has  extinguished  diseases; 
it  has  given  new  securities  to  the  mariner ; it  has  furnished  new  arms  to  the 
warrior ; it  has  guided  the  thunderbolt  innocuously  from  heaven  to  earth ; it  has 
lighted  up  the  night  with  the  splendour  of  the  day ; it  has  extended  the  range 
of  human  vision ; it  has  multiplied  the  power  of  the  human  muscles ; it  has 
accelerated  motion;  it  has  annihilated  distance;  it  has  facilitated  intercourse, 
correspondence,  all  friendly  offices,  and  all  despatch  of  business ; it  has  enabled 
man  to  descend  to  the  depths  of  the  sea,  to  penetrate  securely  into  the  noxious 
recesses  of  the  earth,  to  traverse  the  land  in  cars  which  whirl  along  without 
horses.  These  are  but  a part  of  its  fruits,  and  of  its  first-fruits.  Its  law  is 
progress.  A point  which  yesterday  was  invisible  is  its  goal  to-day,  and  will 
its  starting-post  to-morrow.” 
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,,  Electric,  379 

,,  Maximum  Electric,  390 

,,  of  Electric  Motors,  671 

,,  of  a Machine,  Diagrams  of,  380 

,,  of  a Magneto-Dynamo,  The,  379 

Egger’s  Fire  Alarm,  943 
Electric  Borer,  712,  714 
,',  Brakes,  719 
,,  Candles,  489,  551 
,,  Clocks,  944 
,,  Coal  Cutters,  710 

,,  Cranes,  714 
..  Egg,  86 

,,  Furnace,  738  742 

,,  ,,  Cowles’  741 

,,  ,,  Ducretet's,  738 

,,  Hail,  87 

,,  Hydrogenator,  730 
,,  Jar,  The,  5 

,,  Jewels,  587 

,,  Launches,  707 
,,  Letter  Post,  706 

,,  Lifts,  714 

,,  Light,  145,  485.  (See  also  Lamps.) 

.,  ,,  Adjusting  Apparatus,  485 

,,  ,,  Applications  of,  572 

• • ,,  Carbons,  Production  of,  560 


Electric  Light  compared  with  Gas  and  other 
Lights,  568 

,,  ,,  Data  respecting,  562 

,,  ,,  Domestic,  572 

,,  General  Features  and  Classi 
fication,  491 
,,  ,,  Harbours,  602 

,,  ,,  Heat  of,  148 

,,  ,,  History  of,  485 

,,  ,,  Lighthouses  and  Harbours,  593 

,,  ,,  Medical  uses  of,  605 

,,  ,,  On  Ships,  595,  601 

,,  ,,  Portable,  604 

,,  ,,  Printing-Rooms,  588 

,,  ,,  Railway  Stations,  590 

„ ,,  ,,  Trains,  593 

,,  „ Stratification  of,  199 

,,  ,,  Streets,  604 

,,  ,,  Theatres,  583 

„ ,,  Unit  of,  232 

,,  Locomotion,  683 

,,  Locomotives,  691  , 

,,  Machines,  45,  52 

,,  ,,  History  of,  235 

,,  Meters,  7,  33,  45.  47.  94.  657 
,,  Mortar,  The,  82 
,,  Pen,  Edison’s,  682 

,,  Pendulum,  948 

,,  Plough,  718 

,,  Railways,  City  and  South  London,  68g 

,,  ,,  Portrush,  684 

,,  Ray  or  Torpedo,  224' 

,,  Smelting,  737 

, , Tramways,  691 

,,  Transmission  of  Power,  662,  668,  714 

,,  Tunnelling,  712 

,,  Watchman-Clocks,  950,  et  seq. 

,,  Waves,  219 
,,  Welding,  743 

,,  Whistle,  Steam,  956 
,,  Windmill,  50 

Electrical  Bleaching,  728 
,,  Luminosity,  3 
,,  Public  Supply,  608 
,,  Units,  39,  227 
,,  ,,  Systems  of,  228 

Electricity  and  Heat,  Comparison  of,  725 
,,  ,,  Connection  of,  231 

,,  Animal,  8,  222 

,,  as  a Motive  Power,  662 

„ Comparison  of  Two  Charges  of,  38 
„ Early  History  of,  2 
,,  Generation  of,  by  Contact  between 

Metals,  23 

,,  Gradual  Leakage  of,  39 

,,  in  Mining,  708 

, , Laws  of,  39,  227,  et  seq. 

, , Measurem  en  t of.  (See  Measuremen  t. ) 

,1  Mode  of  Producing,  38 
,,  ofTwoKinds,  4 

,,  Seat  and  Distribution  of,  47 

,,  Statical,  32 

,,  The  Lighting  of  Buildings  by,  583 

Electrification  by  Statical  Induction,  40 
,,  Two  Kinds  of,  34 
Electro-Chemistry,  726 
,,  Deposition,  726,  748 
,,  Dyeing,  727 
,,  Dynamics,  160 
,,  Dynamometers,  163—167 
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Electro-Magnetic  Induction,  189 

,,  II  I,  Laws  of,  190 

■„  I,  System  of  Units,  229 

,,  Magnetism,  167 
,,  Magnets,  Forms  of,  176 
,,  ,,  Introduction  of,  240 

,,  ,,  Laws  of,  17s 

,,  Metallurgy,  726,  734 
,,  Motors.  (See  Motors.) 

,,  Plating,  748,  753,  ei  seq. 

,,  ,,  Apparatus,  752 

..  .,  Bath,  753 

,,  ,,  Dynamos  for,  748 

,,  ,,  Roseleur’s  Plating  Balance,  756 

Electrolysis,  726,  729 

,,  Counter  E.M.F.  in.  The,  157 

,,  Examples  of,  152 

,,  Laws  of,  156 

,,  of  Water,  104,  150,  15 1 
,,  Secondary  Reactions  in,  153 

,,  Siemens’  Machine  for,  278 

,,  Theory  of,  158 

Electrolytic  Analysis,  732 
Electrometers,  7,  45,  94,  657 
E.M.F.,  95,  117,  378,  669,  et  seq. 

,,  and  Relation  of  Speed  in  a Magneto- 
Dynamo,  378 

,,  in  Electrolysis,  The  Counter,  157 

,,  Measurement  of,  133 

E.P.S.  Central  Station  Cell,  475 
,,  Launch,  707 
,,  Lead  Grids,  467 
,,  Secondary  Cells,  468,  475,  484 
Electrophone,  Ader's,  786 
Electrophori,  Continuous,  57 
Electrophorus,  The,  55 
Electroscopes,  33 

,,  Volta’s  Condensing,  66 

Electrotype  Art  Processes,  764 
Electrotyping,  758 

,,  Gramme’s  Machine  for,  261,  262 

Elias’s  Electro-Motor,  664 
Elsasser’s  Mode  of  Signalling,  829 
,,  System,  Telephonic,  829 
Elwell-Parker  Alternator,  The,  368 
,,  ,,  Dynamos,  648,  749 

Embossing  Instrument,  Morse’s,  885 
Energy  Meters,  658 

,,  ,,  Dr.  Aron’s,  660 

,,  ,,  Thomson’s,  660 

,,  of  Glow  Lamp,  513 

,,  Unit  of,  657 

Epstein  Secondary  Cells,  473 
Erg,  An,  228 

Exchange  Telegraph  Company’s  System,  895 


F 

Facsimiles  of  very  large  Objects,  762 
Farad,  231 
Faraday,  Michael,  9 
,,  Electrolysis,  152 

„ Induction  Coil,  636 

,,  Lines  of  Force,  I&4,  775 

,,  (Magnetic and  Diamagnetic  Bodies),  177 

,,  Nomenclature,  151 

,,  Principle,  378 

,,  Simple  Disc  Dynamo,  343 


Faraday,  Specific  Inductive  Capacity,  71 
Faure’s  Secondary  Battery,  461 

>1  >,  Modifications  of,  465 

Feeder’s  Conductors,  611 
Fein’s  Telephone,  780 
Ferranti’s  Dynamos,  360 
,,  Transformers,  640 

,,  Trunk  Mains,  632 

Ferranti-Thomson  Generator,  The,  297 
Ferraris’  Uni-Polar  Machine,  309,  310 
Fire  Alarms,  Automatic,  942 
Fittings  for  Electric  Lamps,  581 
Flat  Ring  Machines,  263 
Fleming,  Dr.  (Incandescent  Lamp),  221 
Foot-pound,  A,  Unit  of  Work,  228 
Force,  Unit  of,  227 
Forster  (Influence  of  the  Sun),  170 
Foucault  and  Duboscq’s  Lamp,  518 
Foucault’s  Apparatus  for  Producing  Currents  in  a 
Plate,  189 

,,  Electric  Light  Regulator,  485 
Frankfort  Experiments  on  Electric  Transmission 
of  Power,  The,  371 
Franklin’s  Discoveries,  6 
,,  Pane,  67 

Fritsche’s  Wheel  Dynamo,  345 
Frdhlich’s  Current  Curve,  382 
Froment’s  Electro-Motor,  666 
Fuller’s  Cell,  432 

,,  Trough  Cell,  423 
Furnace,  Electric,  738,  742 
,,  ,,  Cowles’,  741 

,,  ,,  Ducretet’s,  738 

Fuses,  Safety,  578 


G 

Gaiffe’s  Regulator,  520 
Galvani  and  Volta’s  Discoveries,  8 
Galvanic  Batteries,  106,  410 
,,  Cell,  93 

,,  Current,  The,  g^,  e(  seq. 

,,  Currents,  ^haviour  towards  each 
other,  160 

Galvano-Caustic  Apparatus,  438 
Galvanometers,  94,  130 

,,  Ayrton  and  Perry’s,  652 

,,  Deprez’s,  652 

,,  Mirror,  931 

Galvanoplastic  Deposition,  748 
Galvanoscopes,  95, 135 
Ganz  Generator,  The,  303  - 306 
Gas  and  Electric  Light  compared,  569 
Gastroscope,  The,  607 

Gaulard  and  Gibbs’  Secondary  Generator,  323 
Gauss  and  Weber’s  Telegraph,  866 
Geissler’s  Tubes,  199 
Generators,  668 

,,  Ferranti-Thomson,  297 
,,  Ganz,  303 

,,  Gordon’s,  301 

,,  Gramme’s,  260,  290 

,,  Secondary,  322 

Gdrard’s  Lamp,  534,  556 
German  Telephonic  System,  803 
Gilbert’s  Discoveries,  2 

Glass-Blowing  of  Bulbs  for  Incandescent  Lamps 
508 

,,  Electrical  Machines  (Early),  4,  5 
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Glass- Etching  by  Electricity,  459 

,,  Perforation  of,,  by  Electrical  Discharge, 
Globe  Electrical  Machine,  4 
Glowing  or  Burning  Bodies,  52 
Glow  Lamps,  216,  220,  221,  490,  493,  497.  S07 
,,  ,,  Bernstein’s,  501 

„ Bohm's,  502 

„ ,,  Boston,  SOI 

„ Comparison  of,  511 

„ „ Cruto's,  SOI 

Diehl’s,  S02 

,,  ,,  Edison’s,  221,  493 

,,  ,,  Edison  and  Ssvan,  303 

,,  „ Focus,  S06 

,,  ,,  Making,  304,  S°7. 

„ ,,  Maxim’s,  499 

,,  „ Miners’,  496 

,,  ,,  Portable  and  Regulator,  490 

,,  ,,  Resistance  Table,  498 

,,  Schedule  of  Measurements,  313 
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„ ,,  Swans,  497 

,,  ,,  Terminals,  304 

Glynde  Telpherage  Line,  701 
Gold  and  Silver  Separation,  733 
Gold-Leaf  Electroscope,  The,  33 
Gold-Plating,  733 
Goolden’s  Coal  Cutter,  712 
Goppelsroeder  s Indigo  Dyeing,  728 
Gordon’s  Arguments  in  Favour  of  large 
Dynamos,  402 
,,  Cylinder  Machine,  3 

,,  Generator,  301 

Governor  of  the  Telpher  Line,  The,  703 
Gower’s  Telephone,  780 

Gramme’s  Alternating  Current  Generator,  290 
,,  Double-Circuit  Lamp,  338 

,,  Generator  for  Lighting,  260 

,,  Machines,  234,  238,  239,  748 

,,  ,,  for  Electrotpying,  261,  262 

,,  Ring  Armature,  The,  234,  238 

Graphic  Diagrams,  380 
Graphophone,  The,  861 
Gray,  Stephen,  4 
Gray’s  Telephones,  772,  783 
Grenet’s  Bichromate  Cell,  419 
Griscom’s  Motor,  682 
Grove’s  Cell,  112,  429 
,,  Gas  Battery,  104 
Guericke’s  Sulphur  Ball,  3 
Giilcher’s  Lamp,  343 

,,  System  for  Arrangement  of  Circuit, 


S45 


Gymnotus  Electricus,  The,  224 — 226 
Gyrotrope  or  Commutator,  Pohl’s,  138 


H 


Half-Incandescent  Lamps,  313 
Hall’s  Process  for  obtaining  Aluminium,  742 
Hansen’s  Electric  Machine,  4 
Hare’s  Deflagrator,  108 
Hauck’s  Terrace  Arrangement  of  Cells,  446 
,,  Thermo-Pile,  431 
Hawksbee  and  Electrical  Luminosity,  4 
Heat  and  Electricity,  Comparison  of,  723 
,,  ,,  Connection  of,  231 

,,  Unit,  142 


Heating  Effects  of  Current  within  Circuit,  140 
,,  ,,  of  Discharge,  82 

,,  ,,  of,  in  Dynamos,  398 

Hedgehog  Transformer,  Swinburne’s,  638 
Heinrich’s  Lamp,  339 
Heller’s  Battery,  436 
,,  Transmitter,  287 
Helmholtz  (Contact  Theory),  93 
Henley’s  Discharger,  74 

,,  Quadrant  Electroscope,  33 
H6rault  Process  for  obtaining  Aluminium,  741 
Hercules’  Stone,  i 

Hertz’s  Experiments  on  the  Electro-Magnetic 
Wave,  219 

Herz’s  Microphone,  826 

,,  Telephonic  System,  826 
High  Pressure  Stations,  622 
,,  ,,  Systems,  621 

Hipp’s  Clock  Pendulum,  948 
,,  Connecting  System,  947 
,,  Watchman-Clock,  950 
Hittorf,  Discharges  in  Partial  Vacua,  200 
Hjorth’s  Machine,  241 
Hochhausen  Machine,  The,  269 
Holtz’s  Induction  Machine,  37 
Hopkinson  Alternator,  The,  370 
Horse-Power,  228 

Horsford  (Resistance  of  Liquids),  133 
Hospitalier’s  Battery  Charger,  480 
Howell  Cell,  The,  430 
Hughes’  Audiometer,  848 
,,  Experiments,  773 

,,  Explanation  of  the  Action  of  the  Micro- 
phone, 790 

,,  Induction  Balance,  849 

,,  Microphones,  774 

,,  Telegraph  Station  Apparatus,  908 

,,  Type-Printing  Telegraph,  892 

Hunning’s  Long-Distance  Transmitter,  799 
Hydro-Electric  Machine,  34 
Hydrogenation,  Electric,  730 
Hydrometer  for  Secondary  Cells,  483 


I 

Illuminating  Power,  Unit  of,  232 
Immisch  Motor,  The,  679 
Incandescent  Lamps,  220,  490,  493 
,,  ,,  Making,  307 

Inclination  or  Dip,  2,  24,  27 
,,  Chart,  28 

,,  Magnetic,  ii 

, , Variation  of,  27 

Inclinometer,  The,  27 
Induced  Currents,  292,  el  seq. 

Induction  Apparatus,  Reiss’s,  40 
,,  Balance,  The,  849 

,,  by  a Solenoid,  180 

,,  by  Motion,  182 

,,  by  one  part  of  a Circuit  upon  another 
part  of  the  same  Circuit,  186 
,,  Coils,  192,  621,636.  (See  also  Trans- 
formers. ) 

,,  Current,  180 

,,  Currents,  Luminous  and  other  Effects 
of,  196 

,,  Electrical,  Theory  of,  in 

,,  Electro-Magnetic,  189 
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Induction,  Higher  Orders  of.  187 

„ in  Telephone  Wires,  Neutralising,  821, 

«33 

,,  Laws  of,  igo 

,,  Machines,  Toepler's,  59 

,,  ,,  or  Continuous  Klectrophori,  57 

,,  Magnetic,  13 

,,  Magneto-Electric,  183 

,,  Maximum,  Conditions  of,  307 

,,  on  ' ‘ Make  ” and  “ Break  ” 182 

,,  Phenomena,  273 

,,  ,,  Alternate  - Current  Ma- 

chines, 29s 

,,  Precautions  to  prevent,  when  same 

Line  used  for  Telegraphy  and  Tele- 

phony, 836 
,,  Statical,  40 

, , Theory  of,  41 

,,  Uni- polar,  189 

Inductive  Capacity,  Specific,  Determination  of,  71 
Inductor  Alternators,  370 
Inductorium  and  Condenser,  194 
, , Ruhmkorff's,  193 
Ink  Writers,  888 
Installations,  Telephone,  800 
Instantaneous  Fuse,  580 
Insulators,  36,  65,  910 

,,  and  Conductors,  Electrical,  35 

,,  Fastening  Wires  to,  820 

, , in  E.  P.  S.  Secondary  Cells,  470 
Intensity  of  Lamps,  Standard  Measures  of,  564 

,,  of  Livjht,  Modes  of  Determining,  565 

,,  of  Magnetic  Force  shown  by  Lines  of 

Force,  22 

,,  of  Magnetism,  23 

,,  of  Terrestrial  Magnetism,  29 

Ironclad  Dynamos,  343 
Iron  Ores,  Separation  of  by  Magnets,  734 


J 

J.ablochkoff  s Division  of  Electric  Light,  489 
,,  Electric  Candle,  489,  551 
Jack-knife  Telephonic  Apparatus,  813 
Jacobi’s  Electro-Motor,  663 

,,  and  Lenz,  Laws  of  Electro-Magnets,  175 
Jacquelain’s  Method  of  Preparing  Pure  Carbons, 
560 

Jamin's  Compound  Magnet,  19 
,,  Electric  Candle,  554 
,,  Experiments  with  Magnets,  19 
Janssen’s -Telephone,  770 
Jaspar’s  Regulator,  521 
Joel’s  Lamp,  517 
Joints,  The  Britannia,  91 1 
,,  Edison’s,  627,  628 
Joule’s  Current  Calorimeter,  1.1 1 
,,  Equivalent  of  Heat,  231 
,,  Law,  141 


K 

Kabath’s  Secondary  Cell,  461 
Kapp  Dynamo  Coupled  to  a Steam  Engine,  355 
, , Alternator,  365 

Kelvin  Battery,  The,  433 

,,  Electrometer,  45,  46,  47,  657 
Key,  Morse,  881 


Keys  and  Connectors,  138 
Kingdon’s  Inductor  Alternator,  370 
Kleist  s Electric  Jar,  5 
KohlfUrst  Cell,  The,  426 
Kohlrausch’s  Condenser,  66 

,,  Torsion  Electrometer,  43 
Konn’s  Lamp,  490 
Kramer  Cell,  The,  422 
Krizik’s  Bars,  182 

,,  Horizontal  Lamp,  524 


L 

Lacassagne-Thiers’  Lamp,  488 
Ladd’s  Machine,  246 
Lahmeyer  Ironclad  Dynamo,  The,  343 
Lalande’s  Cell,  417 
Lament’s  Reflecting  Declinometer,  24 
Lamp  Terminals,  504 
Lamps  : “Alpha,”  549 
,,  Arc,  567 

,,  ,,  Regulated,  518 

,,  Band,  Siemens’,  528 

,,  Bernstein,  501 

,,  Bohm’s,  502 

,,  Boston,  SOI 

,,  Brockie-Pell,  542 

,,  Brush  Construction,  529 

,,  Cance’s,  535 

,,  Crompton’s,  540 

,,  Crompton-Crabb  D.D. , 540 

,,  Crompton- Pochin,  547 

,,  Cruto’s,  SOI 

,,  Description,  General,  515 

, , Diehl’s,  502 

.,  Differential,  Siemens  and  Halske's,  526 
,,  Duboscq’s,  519 

,,  Edison’s  Portable  and  Regulator,  496 

,,  Edison  and  Swan,  503 

,,  Experimental,  216 

,,  Focus  with  Holder,  506 

,,  Foucault  and  Duboscq’s,  518 

,,  Gaifte’s,  520 

,,  General  Features  and  Classification,  491 
,,  Gerard’s,  534,  556 

,,  Glow  (see  Glow  Lamps). 

,,  Gramme’s  Double  Circuit,  538 

,,  Gulcher's,  S43 

,,  Half  Incandescent,  515 

,,  Heinrichs’,  559 

,,  Incandescent.  (See  Glow  Lamps.) 

,,  Inclined  Carbons,  555 

,,  Intensity,  to  Measure,  564 

,,  Jablochkoff’s,  489,  551 

,,  Jamin’s  Electric  Candle,  554 
,,  Jaspar’s,  521 

„ Joel’s,  517 

,,  Kinds  and  Positions  of,  for  Difieren 

Purposes,  562 
,,  Konn’s,  490 

,,  Krizik’s  Horizontal,  524 

,,  Lacassagne-Thiers’,  488 

,,  Maquaire’s  “ Alpha,”  549 

,,  Maxim’s,  499 

,,  Mersanne’s,  519 

,,  Miner’s,  496 

,,  Piette  and  Krizik’s,  523 

,,  Pilsen  (Krizik’s),  523 

,,  Printers’  Composing  Room,  590 


I 
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Lamps  ; Rapieff  s,  555 
,,  Rcynier's,  516 

,,  Serrin’s,  536 

,,  Serrin-Lontin,  538 

„ Siemens’  Band,  528 

„ Siemens  and  Halske's  Differential,  526 

Soleil,  557 
,,  Staite’s,  555 

,,  Table,  582 

,,  Tschikoleff’s,  548 

,,  Weston-Mohring’s,  535 

Lane’s  Unit  Jar,  69,  93 
Lang’s  Speed  Counter,  676 
Lauffen-Frankfort  Transmission  System,  723 
Launches,  Electric,  707 
Laws,  Joule’s,  141 
,,  Lenz’s,  192,  376 

, , of  Attraction  or  Repulsion  for  two  Currents, 

165 

,,  of  Electricity,  39,  227,  et  seq. 

,,  of  Electrolysis,  156 

,,  of  Electro-Magnets,  175 

,,  of  Induction,  190,  et  seq. 

,,  of  Magnetism,  21 

,,  of  Resistance,  118 

,,  Ohm’s,  9,  116,  377 
,,  Volta’s  Contact,  99 

Leads  or  Connection  of  Telegraph  System,  909 
,,  ,,  of  Telephone  System,  818 

Leclanchd’s  Battery,  413,  441 
Leeds  Dynamo,  The,  312 
Leiter’s  Battery,  438 

,,  Medical  Apparatus,  606 
Lenz  and  Jacobi,  Laws  of  Eleciro-Magnet,  175 
Lenz’s  Current  Calorimeter,  141 
,,  Law  of  Induction,  192,  376 
Leopolder’s  Signal  Clockwork,  952 
Leyden  Jar,  The,  5,  67 

,,  Batteries  of,  68 
,,  Charging,  67 
,,  Discharging,  72,  73 
,,  Franklin’s  Experiments,  6 
Lichtenberg’s  Electric  Dust  Figures,  88 
Lifting  Power  of  a Magnet,  19 
Lifts,  Electric,  714 

Light,  The  Electro-Magnetic  Theory  of,  218 
,,  Electric.  (See  Electric  Light. ) 

,,  Intensity,  Units  of,  232,  564 
.,  ,,  Determining,  565 

Lighting  Effects  of  the  Galvanic  Current,  145 
Lightning,  91 

,,  Conductors,  6,  822 

II  II  Errors  respecting,  818 

,,  Plates,  904 

,,  Protector  for  Telephone,  804 

Lines  of  Force,  Magnetic,  14,  22,  184 
Lithanode  Cell,  The,  474 
Litzendorf  (Globe  Electric  Machine),  4 
Loadstone,  The,  i,  9 
Locht-Labye’s  Pantelephone,  789 
II  II  Telephone  Station,  805 
Lockwood  Cell,  The,  429 
Locomotives.  Electric,  Mather  .and  Platt’s,  691 
London  Paris  Telephone,  831 
Long-Distance  Telephony,  831 
Low-Pressure  Stations,  613 
II  ■,  Systems,  611 
Luminous  and  other  Effects  of  Induction 
Currents,  196 

I,  Effects  of  Electric  Discharge,  84 


M 

MacEvoy’s  Submarine  Finder,  850 
Machines,  Magnetic  and  Electric.  (And  see  also 
,,  Alliance,  239,  252  [Dynamos.) 

,,  Alteneck  Drum,  271 

,,  Alternate  Current,  290 

I,  ,,  ,,  Dynamos  or  Alter 

nators,  360 

,,  Alternators,  Inductor,  370 

,,  Ball’s,  306 

,,  Boring,  712,  714 

,,  Brown’s  Three-Phase  Alternator,  373 

,.  Brush,  263-268,  329 

Biirgin,  268 

,,  C-Type  Dynamos,  341 

,,  Central  Station  Dynamos,  350 

.,  Clarke’s,  237 

,,  Compound,  315 

,,  Construction  and  Working  Conditions 

of.  375 

,,  Crompton’s  “ Trade,”  339 

,,  De  Meri tens’,  253 

,,  Deprez’s,  313 

,,  Drum,  Alteneck,  271 

,,  ,,  Siemens’,  277 

,,  Edison,  279-286 

,,  ,,  Central  Station  Dynamo,  358 

,,  ,,  Disc  Dynamo,  311 

II  II  Regulator,  3 rg 

,,  ,,  ,,  Automatic,  321 

,,  ,,  Two-Pole  Dynamo,  333 

,,  Edison-Hopkinson,  330 

,,  Electrical,  4,  5,  52 

,,  Elwell  Parker  Alternator,  368 

I,  ,,  ,,  Dynamos,  648,  749 

,,  Faraday’s  Simple  Disc,  343 

,,  Ferranti’s  Alternator,  360 

,,  Ferranti-Thomson,  297 

,,  Ferraris’’  Uni-polar,  309,  310 

,,  Flat  Ring,  263 

,,  Fritsche's  Wheel  Dynamo,  345 

„ Ganz,  303 

,,  Gaulard  and  Gibbs’  Secondary  Gene- 

rator, 323 

,,  Generators,  290 

,,  Gordon’s,  301 

,,  Gramme,  250,  254-263,  748 

,,  Gramme’s  Alternate  Current,  290 

,,  Hockhausen,  269 

,,  Hopkinson  Alternator,  370 

,,  Ironclad  Dynamos,  343 

,,  Kapp  Central  Station  Dynamo,  355 

,,  Kingdon’s,  370 

,,  Ladd’s,  246 

,,  “Leeds”  Dynamo,  342 

,,  Manchester,  338 

,,  Maximum  Induction,  Conditions  of, 

307 

,,  Mordey  Alternator,  362 

,,  Multipolar  Dynamos,  353 

,,  Oerliken,  Four-Pole  Dynamo,  354 

Pacinotti’s,  247 
,,  Pheenix,  337 

,,  Pi.xii’s,  235 

,,  Polyphase  Current  Dynamos,  371 

,,  Regulators,  312,  317 

,,  Ritchie’s,  237 

,,  Schuckert’s,  316 

,,  Schuckert-Mordey,  325 
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Machines,  Secondary  Generators,  322 
,,  Self-oiling  Bearing,  334 
,,  Siemens’,  237,  243 

,,  ,,  Alternate  Current,  293 

,,  ,,  Central  Station  Dynamo,  350 

,,  ,,  Drum,  277 

,,  ,,  Unipolar,  308 

,,  Siemens  and  Halske’s,  316 

,,  ,,  ,,  Dynamo,  358 


Mag 


net. 


Magnets 


f 1 


Stdhrer’s,  238 
Thomson's  Alternator,  368 
Thomson-Houston  Dynamo,  348 
Unipolar,  306 
Victoria  Dynamo,  325 
Westinghouse  Alternator,  368 
Weston’s,  286-290 
Wheel  Dynamos,  343 
Wilde’s,  240 
Effect  of  Breaking  a,  16 
Electro.  (See  Electro-Magnet.) 

Jamin’s  Compound,  19 
Lifting  Power  of,  19 
Molecular  Theory  of,  14,  16 
Origin  of  the  Word,  i 
Poles  of,  10,  12,  et  seq. 
affect  the  Discharges  in  Vacuum  Tubes, 
200 

and  Galvanic  Currents,  Mutual  Effects 


of,  173 

,,  Experiments  with  Iron  Filings,  10,  14 
,,  Methods  of  Making,  17 

,,  ,,  by  Means  of  Galvanic  Current, 

168 

,,  ,,  Circular  Touch,  18 

,,  ,,  Double  or  Divided  Touch,  18 

,,  ,,  Single  Touch,  17 

,,  Mutual  Action  of,  ii 

,,  Separation  of  Iron  Ores  by,  734 

,,  Theory  as  to  Constitution  of,  14,  16 
Magnetic  and  Diamagnetic  Bodies,  177 
,,  and  Magnetised  Bodies,  13 

,,  Attraction  and  Repulsion,  12 

,,  Battery,  19 

,,  Circuit,  The,  391 

,,  Curves,  14 

, , Effects  of  Electric  Discharge,  90 
,,  I'ield,  The,  22 

,,  ,,  Definition  of  Strength  of,  228 

,,  ,,  Intensity  of,  shown  by  Lines  of 

Force,  22 

,,  Hysteresis  or  Lag,  399 

,,  Induction  and  Distribution,  13 

,,  Influence  at  a Distance,  20 

,,  Moment  of  a Magnet,  23 

,,  Needle,  i 

,,  ,,  Deflection  of,  i 

,,  ,,  Inclination  or  Dip,  2 

,,  Properties  of  Iron,  393 

,,  Torsion  Balance,  20 

,,  Units,  22,  228,  229 

Magnetisation,  Sound  produced  on,  176 
,,  The  Intensity  of,  23 

Magnetism,  9,  et  seq. 

,,  Ampere’s  Theory  of,  172 

,,  by  Inclination,  2 

,,  Early  and  Classical  References  to,  i 

,,  Electro-,  167 

,,  History  of,  duringthe  Middle  Ages,  i 

,,  Intensity  of  Terrestrial,  29 

,,  not  a Fluid,  13 


Magnetism,  Terrestrial,  23,  et  seq. 
Magneto-Electric  Induction,  183 
,,  ,,  Machines,  235,  252 

Magnetometer,  The  Bifilar,  29 
Magnetomotive  Force  (m.m.f.),  392 
Maiche  Cell, The,  421 
Mains  and  Conductors,  626 
Manchester  Dynamo,  'I'he,  338 
Mangin’s  Projector,  597 
,,  Regulator,  597 

Maps,  Printing  Plates  of,  by  Electro-Deposition, 

763 

Maquaire’s  "Alpha”  Lamp,  549 
Marid  Davy  Cell,  The,  432 
Markus’s  Thermo-Pile,  447 
Matthiessen’s  Tables  of  Resistances  and  Con- 
ductivity, 126 

Maxim  (Incandescent  Lamps),  221 
,,  Glow  Lamps,  499 
Maxwell’s  Rule,  185,  378,  775 
Mayer  (Sound  produced  on  Magnetisation),  176 
,,  and  Wolfs  Battery,  436 
Measurement  of  Electricity,  39,  116,  etseq.,2'zq 
—232,  651 

,,  of  Light  Intensity,  564 

,,  of  Resistances,  131,  849 

Measures,  Conversion  Table  of  French  and 
English,  232 
,,  of  Intensity,  565 
Medical  Batteries,  435 

,,  ,,  Galvano-Caustic,  438 

,,  Machines,  Principle  of,  237 
,,  uses  of  Electric  Light,  605 

,,  uses  for  the  Microphone,  846 

Medium  Pressure  Station,  619 
Meidinger’s  Cell,  425 
Melloni’s  Thermo- Pile,  115 
Mercadier’s  Selenium  Cell,  853 
Mercurial  Air-Pumps,  Sprengel’s,  51  r 
Meritens’and  similar  Secondary  Cells,  461 
,,  Machine,  253 
Mersanne’s  Regulator,  519 
Mesh,  Connections  of  Three-Phase  Alternator, 


Metallurgy,  Electro-,  734 

Metals  arranged  in  a Series  according  to  E.M.  F., 

105 

,,  Closed  Circuit  of,  101,  102 
,,  Difference  of  Potential  in  Two,  96,  100 
,,  Electric  Smelling,  737 
,,  ,,  ,;  Siemens’  Apparatus,  737 

,,  Electrical  Differences  in,  99,  et  seq. 

,,  ,,  Values  of,  100,  101,  103 

,,  Electro-Plating,  753 

, , List  of  and  Kinds  of  Electricity  generated, 
99 

,,  Separation  from  Ores  containing  Sulphur, 

740 

,,  ,,  of  Aluminium  and  the  Allied 

Metals,  740 

,,  ,,  of,  by  Electricity,  732,  734  et 

seq. , and  739 

,,  Thermo-Electrical  Order,  113 
Meters,  657 
Microfarad,  231 

Microphone,  The,  773,  784,  790,  et  seq.,  and  842 
„ Ader’s,  789 

,,  and  Battery  Telephones,  784 

„ Berliner’s,  789 

.,  Blake’s,  788 
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Microphone,  Boudet’s,  790 
„ Crossley's,  789 

,,  Dunand's  Torsion,  798 
,,  Herz's  826 

,,  Medical  Uses  for,  846 

,,  Post  Office,  807 

„ Wreden's,  789 

Microphonic  Action  of  Selenium  Cells,  Cause  of. 


857 

Middle  Pressure  System,  617 
Military  Use  of  the  Telephone,  844 
Miner’s  Lamp  (Electric),  496 
Mining,  Electricity  in,  708 
Minotto's  Cell,  425 
Miophone,  The,  846 
Mirror  Galvanometers,  931 
MSdling-Bruhl  Tramway,  The,  691 
Mordey’s  Alternator,  The,  362 
,,  Transformer,  638 
Morin’s  Electric  Candle,  553 
Morse  Alphabet,  887 

Connections,  905 
Embosser,  885 
Key,  The,  881 
Station  Apparatus,  906 
System,  885, 905 
Telegraph,  872 
Writer,  886 

Motion,  Continuous,  produced  by  Two  Currents, 
163 

Motor  Dynamos,  648 
Generators,  648 
Trucks,  700 
Motors,  Electric,  662 

Alternate  Current,  719 
Dalnegro’s,  662 
Deprez’s,  681 
Elias’s,  664 
Froment’s,  666 
Griscom’s,  682 
History  of,  662 
Immisch,  679 
Jacobi’s,  663 

Tesla’s  Alternate  Current,  721 
Theory  of,  670 
Waterproof  Railway,  680 
Muirhead  Battery,  The,  423 
Multiplier,  136 
Multifjolar  Dynamos,  353 
Muscle  Current,  222 
Music,  Telephonic  Transmission  of,  839 
Musschenbroek’s  Leyden  Jar,  5 


N 

Nalder's  Gravity  Ammeter,  655 
Napoli’s  Carbons,  561 
Naudin’s  Method  of  Rectification,  730 
,,  Voltameters,  731 
Needle  Telegraph  Instruments,  879 
Needles,  Astatic,  135 
,,  Dipping,  II,  27 

,,  Magnetic,  ii 

Negative  and  Positive  Electricity,  34 

>>  ,,  ,,  Test  for,  35 

Nerves,  Electrical  Effects  on,  222 
Nickel-plating,  756 
Noe’s  Thermo-Couple,  449 


O 

CEpinus’  Condenser  with  Movable  Coatings,  78 

Oerliken,  4-pole  Dynamo,  355 

Oersted’s  Discovery  of  Electro-Magnetism,  8 

Ohm,  The,  135 

Ohm’s  Law,  9,  116,  et  seq. 

,,  ,,  applies  to  all  Machines,  377 

Oiling,  Edison’s  Self-oiling  Bearings,  334 
Ores,  Separation  of,  734,  73S,  739..  74° 
Organisms  producing  Electrical  Discharges,  224 
Oscillating  Discharge,  Fedderson’s  Explanation 
of,  76 

Overhead  Conductors  for  Electric  Tramways, 

693 


P 

Pacinotti’s  Electro-Magnetic  Machine,  247 
Page  (Production  of  Sound  on  Magnetisation), 
176 

Pantelephone,  De  Locht  Labye’s,  789 
Paper,  Perforation  of,  by  Electrical  Discharge, 
7,  88 

Parallel  Arrangement  of  Gulcher’s  Lamp,  545 
,,  Joining  in.  Arrangement,  314  et  seq. 
Paramagnetic  Bodies,  177,  178 
Parcels  Railway,  A,  706 
Paris  and  London  Telephone,  831 
,,  The  Telephone  System  of,  823 
Patterson  and  Cooper’s  Phoenix  Dynamo,  337 
Peltier  Effect,  The,  144 
Peltier’s  Bar,  145 
,,  Cross,  14s 
Pen,  Edison’s  Electric,  682 
Pendulum,  Electric,  948 
Pentane  Light  Standard,  565 
Perforation  of  Glass  by  Electrical  Discharge,  88 
,,  of  Paper  by  Electrical  Discharge,  7,  88 

Perrot,  Separation  of  Aureole  and  Spark,  196 
Pantelephone,  Locht  Labye’s,  789 
Phase,  Magnetic,  371 
Phelps’  Telephones,  783 
Pherope,  The,  or  Telephote,  858 
Phoenix  Dynamo,  The,  337 
Phonograph,  The,  860 

Phosphorescence  of  Radiant  Matter  in  Vacuum 
Tubes,  207 

Photometer,  Bunsen’s,  566 
,,  Edison’s,  566 
Photometric  Light  Discs,  567 

,,  Observations  at  Munich,  56 
Photophone,  The,  855 

Physiological  Effects  of  Electrical  Discharge,  90 
, , , , of  Electricity,  222 

Picard’s  Observations  on  Electrical  Luminosity  3 
Piette  and  Krizik’s  Regulator,  523 
Pilsen  (Krizik)  Lamp,  The,  523 
Pixii’s  Machine,  235 
,,  Commutator,  236 
Planta’s  Plate  Machine,  5 
Plants  Batteries,  Special  Applications  of,  459 
,,  Cell,  453 
,,  Rheostat,  459 
,,  Second  Batteries,  452—461 
Plate  Machine,  5,  52 
Platinised  Plates,  445 
Plough,  The  Electric,  718 
Pliicker  and  Hittorf,  Discharges  in  partial  Vacua, 
200 
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PoggendorfF  (sound  produced  in  Magnetisation), 
177 

PoggendorfTs  Rheochord,  128 
Pohl's  Commutator,  138 
Point  Discharge,  49 
,,  on  Conductor  under  Induction,  50 
Polarisation,  104,  157,  158,  411,  412,  413,  451, 
♦ 749 

,,  Currents,  Neutralising  the  Effects  of, 

751 

,,  in  Single-Fluid  Battery,  no 
Polarised  Ink  Writers,  891 

,,  Light,  Action  of  a Magnet  on,  179 
Polarity,  Change  of.  Preventing,  751 
Pole,  Magnetic,  Definition’  of  Strength  of,  228 
Poles,  The  Magnetic  and  Geographical,  12 
Police  Use  of  Telephone,  842 
Pollard  and  Garnier’s  Singing  Condenser,  769 
Portable  Lights,  604 
Portrush  Railway,  Electric,  684 
Positive  Electricity,  34,  37 

..  Test  for,  35 

Post-Office  Duplex  Telegraph  System,  916 
,,  Telephone  Apparatus,  807 

Potential,  Difference,  Determination  of,  385 
,,  ,,  in  the  Air,  91 

,,  ,,  in  Two  Metals,  96,  100 

,,  ,,  of  Coatings  in  Leyden  Jar, 

69,  et  seq. 

,,  ,,  produced  by  two  liquids, 

103 

,,  Table  for  Calculating,  74 

,,  Test  of,  45 

,,  Theory  of,  43 

,,  Unit  Difference  of,  229,  230 

Potentials,  Relations  of,  with  Faulty  Construction, 

386 

Power  of  Secondary  Batteries,  456 
Primary  Batteries,  410 
Prime  Conductor,  The,  4 
Projectors,  597 
Prony's  Dynamometer,  676 
Protection  of  Human  Life,  Rules  observed  in 
Philadelphia  for  the,  573 
Puluj,  and  Discharges,  High  Vacua,  202,  et  seq. 

,,  (Incandescent  Lamp),  221 
Pulvermacher's  Chain,  411 
Putnam’s  Signal,  957 


Q 

Quadrant  Electrometer,  The,  46 

,,  Electroscope,  Henley's,  33 
Quantity,  Unit  of,  228,  230 


R 

Radiant  Matter  casts  a Shadow,  207 
Raia  Torpedo,  224 
Railway  Carriage  Signals,  955 
,,  Signalling,  952,  957 
Rapieff’s  Lamp,  555 
Rdaumur  and  Animal  Electricity,  8 
Rectification,  Naudin’s  Method  of,  730 

,,  of  Alcohol  by  Electricity,  729 
Reflecting  Declinometer,  Lament’s,  24 
Reflection,  Double  Angle  of,  80 
Regulated  Arc  Lamps,  518 


Regulation  by  Secondary  Batteries,  324 
,,  by  Secondary  Generators,  322 
,,  for  Constant  Current,  396 

,,  of  Dynamos  by  Compound  Winding, 

395 

,,  of  the  Current,  312 

Regulators,  Compound,  315 
,,  Deprez’s,  313 

,,  Edison’s,  319,  321 

>1  ,,  (Automatic),  321 

„ Principle  of,  317 

,,  Schuckert’s,  316 

,,  Siemens  and  Halske’s,  316 

Reis  (Sound  produced  on  Magnetisation),  177 
Reiss's  Electric  Calorimeter,  83 

,,  Law  and  Spark  Micrometer,  74 
,,  Letter,  768,  769 

,,  Telephone,  766 

Reitlinger,  Discharges  in  partial  Vacua,  201 
Reitlinger  and  Wachter’s  Dust  Figures,  89 
Relays,  American,  902 
,,  Apparatus,  902 

,,  Exchange  Company’s,  898 
,,  Phonic  Wheel  in,  'The,  922 
,,  Siemens’  Polarised,  903 

,,  Wheatstone’s,  871 

Repulsion  and  Attraction  between  Parallel  and 
Inclined  Currents,  162-165 
,,  ,,  Electrical,  4,  32 

,,  ,,  Magnetic,  12 

,,  of  the  Electric  Glow,  209 
Residual  Charges,  79 
,,  Discharge,  77 
Resistance  Boxes,  130 

,,  in  Dynamo-Electric  Machines,  267 

,,  in  Galvanic  Batteries,  422 

,,  in  the  Internal  Circuit,  118 

,,  Instrument  for  Measuring,  128 

,,  Laws  of,  118 

Resistances,  Measurement  of,  131,  849 
,,  of  Callaud  Cell,  428 

,,  of  Liquids,  to  Measure,  133 

,,  of  Wires,  118 

,,  produced  by  Dynamos,  376 

,,  Tables  of,  126 

,,  Unit  of,  229,  230 

,,  Use  of,  in  the  Regulation  of  Current, 
321 

,,  Variation  of,  according  to  Purpose 
served,  391 
Resonator,  Telephonic,  802 
Return  Current,  The,  869  • 

,,  Shock,  'The,  90 

Reversibility  of  Dynamo  Machines,  667 
Reynier’s  Battery,  434 

,,  Daniell  Cell,  429 

,,  Lamp.  516 

Rheochord,  Poggendorff  s,  128 
Rheostat,  The,  128 

,,  Plantd’s,  459 
Richmann’s  Death,  6 
Reiss’s  Electric  Calorimeter,  83 
,,  Induction  Apparatus,  40 
,,  Spark  Micrometer,  74 
Righi's  Telephone,  786 
Rijke  (Sparking  Distances),  74 
Ring  Armature,  The,  247,  250,  25S 
Ritchie’s  Machine,  237 
Ritter’s  Secondary  Battery,  452 
Rock-Borer,  Taverdon’s  Electric,  714 
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Roger’s  Contact-Breaker,  162 
Roseleur's  Plating  Balance,  756 
Rotating  Mirror,  The,  76,  79 
Rotation  of  the  Plane  of  Polarised  Light,  179 
,,  produced  by  Magnets,  174 
Rotations,  Arago’s,  188 

Continuous,  produced  by  iwo  cur- 
rents, 163 

Rousseau’s  Diagometer,  109 
Ruhmkorff’s  Commutator,  139 
,,  Inductorium,  193 
Rysselberghe’s  Telephonic  System,  837 
Rystrom’s  System,  I'elephonic,  82S 


S 

Sardinia  Street  High  Pressure  Station,  624 
Schanschieffs  Recuperative  Battery,  442 
,,  Single-Liquid  Cell,  442 

Schuckert’s  Compound  Machine.  316 
,,  Projector,  600 
Schuckert-Mordey  Dynamo,  The,  325 
Schulze’s  Secondary  Cell,  465  , 

Schvveizer's  Telephone,  Principle  of,  811 
Schwendler’s  Bridge  iVlethod  of  Telegraphy.  919 
Scrivanow’s  Dry  Cell,  431 
Search  Lights,  595,  et  seq. 

Seat  and  Distribution  of  Electricity,  47 
Secondary  Batteries  (Accumulators),  324,  451 
as  Regulators,  619 
as  Transformers,  618.  634,  635 
Central  Station  Cells,  475 
Changes  when  Charged,  454 
Charging,  454.  455.  478 
Crompton-Howell,  471,  483,  484 

,,  ,,  Central  Station,  477 

De  Meritens’,  461 
Discharging,  481 
Dujardin-Plante,  468,  474 
Efficiency  and  Maintenance  of,  484 
E.  P.  S.  Cells,  468,  484 
Epstein,  473 
Faure’s,  461 
History  of,  452 
Joining-up,  470 
Kabath’s,  461 
Lead  Grids,  467 
Lithanode,  474 
Management  of,  483 
Methods  of  Joining,  453 
Plante’s,  452,  461 
,,  Rheostat,  459 
Principles  of,  451 
Power  of,  456 
Recent  Improvements,  466 
Ritter’s,  452 
Schulze's,  463 
Switch-Board,  48 

Table  showing  Capabilities  of,  476 
Secondary  Generators,  322 

,,  Re-actions  in  Electrolysis,  133 

Seebeck’s  Electrolysis,  132 

,,  Table  of  Metals,  Thermo-Electrically 

arranged,  113 

,,  Thermo-Electric  Apparatus,  1 13 

Selenium  Cells,  Microphonic  Action  of,  837 
,,  Properties  of,  832 

Self-exciting  Machines,  and  Properties  of,  64 
Series  Dynamo,  The,  379 


Series  qnd  Shunt  Dynamos,  Comparison  of.  388 
,,  Machines,  Combinations  of,  403 
Serrin’s  Lamp,  336 
Serrin-Lontin  Lantp,  338 

Ships,  Electro  Motive  Power  for.  663,  664,  707 
Shock.  The  Return,  90  . r 00 

Shunt  and  Series  Dynamos,  Comparison  of,  388 
,,  Dynamos,  Working  Conditions  of,  389 
,,  Machines,  315 
Shunts.  Cross,  123 
Siemens,  \Verner,  242 

,,  Charles  William.  242 

Siemens'  Alternate  Cun'ent  Machine,  293 
,,  Band  Lamp,  328 

,,  Cable  Transformer,  638  , 

,,  Central  Station  Dynamo  with  Willans 

Engine,  330 

,,  Cylindrical  Armature,  239,  244 

,,  Drum  Dynamo,  277 

,,  Dynamo-Electric  Machine,  243 

,,  Electric  Smelting  Apparatus,  737 

,,  Electro-Dynamometer,  166,  653 

,,  Machine.  237,  239 

,,  Ore  Separator,  734 

,,  Polarised  Ink-Writer,  891,  892 


,,  Relay.  903 
Resistance  Box,  130 
Telephone, '780 
Unipolar  Machine,  308 
Unit  of  Resistance,  128 
Siemens  and  Halske's  Cell,  424 

,,  Compound  Machine,  316 

,,  Differential  Lamp,  327 

,,  Galvanometer,  137 

,,  Internal  Pole  Dynamo 

358 

,,  Lightning  Plates,  904 

,,  Scale  for  Galvanometer, 


932 

Silver  and  Gold,  Separation  of,  735 
Silvering,  735 

Sinsteden  Electro-Magnels,  240 
Siphon  Recorder,  933 
Smee’s  Battery,  no 
Smelting,  Electric,  737 
Solenoids  and  Action  of  the  Earth  on,  17X 
Sbmmering's  Telegraph,  864 
Sonometer,  The,  848 
Sound  produced  on  Magnetisation,  176 
Sounding  Instruments,  Telegraphic,  881 
Southend  Pier  Tramway,  696 
Spamer’s  Battery,  437 
Spangled  Tube,  The,  85 
Spark  and  Aureole,  Separation  of,  196—198 
,,  Discharge,  85 
,,  Zigzag,  The,  85 
Sparking  Distances,  74 

, , Prevention  in  Dynamos,  284 
Sjxeed  Counter,  Lang's,  676 

,,  Relation  of,  and  e.m.f.  in  a Magneto - 
Dynamo,  378 
Sphygmophone,  The,  847 
Sprengel’s  Mercury  Air-Pumps,  31 1 
St.  Elmo's  Fire,  92,  213 
Stage  Effects,  Apparatus  for,  583 
Staite’s  Lamp,  335 

Star  Connections  of  Three-phase  Alternator,  372 
Statical  Electricity,  32 
,,  Induction,  40 

Statistics,  Continental  Telephonic,  851 
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Steinheil’s  Telegraph,  868 

Stohrer’s  Machine,  238 

Storage  of  Electric  Energy,  451,  463 

Stratifications  of  Electric  Light,  199 

Street  and  Maquaire's  Soleil  Lamp,  537 

Submarine  Finder,  MacEvoy’s,  850 

Suez  Canal  Navigation  by  Electric  Light,  600 

Sulphur  Ball,  Guericke’s,  3 

Sun,  Influence  of  the,  170 

Surfkce  Density  (Statical  Induction),  49 

Surinam  Eel,  'ITie,  225 

Swan’s  Glow  Lamp,  497 

Swinburne’s  Hedgehog  Transformer,  638 

Switchboards,  615 

,,  for  Accumulator,  481 
Switches,  575 

,,  Edison’s  Key,  495 
Symmer’s  Theory,  7 

Synchronised  and  Sympathetic  Clocks,  947 
Systems  of  Distribution,  624 
,,  of  Electric  Units,  228 


T 

Tangent  Galvanometer,  The,  130 
Taverdon’s  Electric  Rock-borer,  714 
Telautograph,  The,  929 
Telegraph,  The  Electric,  864 

,,  Automatic  Printing,  899 

,,  Bain’s  Chemical,  875 

,,  Br6guet’s  Dial,  882 

,,  Chemical  Marking,  885 

, , Connections  and  Auxiliary  Apparatus, 

902 

,,  Cooke  and  Wheatstone’s,  870 

,,  Delany's  Multiplex,  923 

,,  Dial  Instruments,  882 

,,  Exchange  Company’s  Appai-atus,  898 

.,  ,,  ,,  System,  893 

, , Gauss  and  Weber’s,  866 

,,  Hughes’  Type  Printing,  892 

,,  Leads,  909 

,,  Lightning  Plates,  904 

,,  Morse’s,  872 

, , Morse  System,  The,  883 

,,  Needle  Instruments,  879 

,,  Siphon  Recorder,  933 

,,  Sommering’s,  864 

,,  Sounding  Instruments,  88 1 

,,  Stations,  Intermediate  and  Terminal, 

906 

,,  Steinheil’s,  868 

,,  Type-printer,  892 

,,  Wheatstone’s  ABC  System,  882 

>>  ,,  Pointer,  871 

,,  ,.  Relay,  871 

Telegraph  and  Telephone  Lines  preventing 
Induction,  836 

Telegraphy,  Alteneck’s  System,  913 

,,  Apparatus  for  House  and  Hotel,  937 

,,  Automatic,  911 

,,  Batteries  used  for,  in  various  coun- 
tries, 443 

• > ,,  Fuller’s  Cell,  Use  of,  432 

,,  Bridge  Method,  919 

,,  Cable,  876,  931 

,,  Classification  of  Systems,  879 

,,  Differential  Method,  913 

,,  Duplex  and  Multiplex,  876,  913 


Telegraphy,  History  of,  864 
,,  Modern,  879 

,,  Multiplex,  876,  920 

,,  . Post  Office  Duplex  System,  916 

,,  Quadruplex,  926 
,,  Wheatstone’s  System,  912 

Telephone,  The,  766.  (And  see  Microphone.) 

,,  Ader’s,  781,  786 

,,  ,,  Installation,  803 

I > , , Iron  Wire,  794 

, , Arrangement  of  Parts,  800,  et  seq. 

, , Battery  and  Microphones,  784 

,,  Bell’s,  and  Modifications,  770,  772, 

775 

,,  Bbttcher’s,  782 

,,  Br^guet’s  Mercury,  796 

,,  Chicago  Police  System,  842 

,,  Connections,  828 

,,  Continental  Statistics,  831 

,,  D’ Arson val’s,  782 

,,  De  Locht-Labye’s  Station,  803 

,,  Dolbear’s,  796 

,,  Edison’s  Carbon,  785 

,,  Fein’s,  781 

,,  German  Office,  Installation  and  In- 

strument, 803 
,,  Gower’s,  780 

„ Gray’s,  772,  783 

,,  Hunning’s  Transmitter,  799 

,,  Installations,  800 

,,  Jack-Knife  Apparatus,  873 

,,  Janssen’s,  770 

,,  Law  Courts,  Decision  in,  806 

,,  “ Leads"  or  Connections,  8i8 

,,  Lines,  to  prevent  Induction,  821,  836 

,,  London-Paris,  831, 

,,  Long  Distance,  831 

,,  Phelps',  783 

,,  Post  Office  Monopoly,  806 

, , Reis’s,  766 

,,  Righi’s,  786 

,,  Schweizer’s  Principle  of,  81 1 

,,  Siemens’,  780 

,,  Special  Applications  of,  842 

,,  Stations,  800,  803 

,,  Systems,  813,  et  seq. 

, , , , of  Paris,  823 

,,  Transmission  of  Music,  839 

,,  Wires  and  their  Supports,  819 

,,  ,,  Induction  in,  821,  836 

Telephote,  The,  or  Pherope.  838 
Telpherage,  The  System  of,  701 
Telpher  Line,  The,  Advantages  claimed,  703 
Tension  and  Density,  30 
Terminals  for  Lamps,  304 
Terrestrial  Magnetism,  23 

,,  ,,  Intensity  of,  29 

Tesla’s  Experiments  with  Discharges  in  High 
Vacua,  213,  214 
,,  Transformer,  641 

Theatres,  Electric  Lighting  of,  583 
Theory  as  to  the  Constitution  of  Magnets,  16 
,,  Chemical,  The,  97 

,,  Contact,  The,  93 

,,  of  Condenser,  70 

,,  of  Dynamo  Machine,  385 
,,  ,,  Large,  402 

,,  of  Electrolysis,  158 

,,  of  Electrophorus,  33 

, , of  Generation  of  lilectricity,  95 
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Theory  of  Gramme  Machine,  259 
,,  of  Induction.  41 
,,  ,,  Faraday's,  184 

„ of  Light,  The  Electro-Magnetic.  218 

,,  of  Magnetism,  Ampere’s,  172 

,,  of  Magnets,  14.  16 

,,  of  Motors,  670 

,,  of  Potential,  43 

,,  of  the  Telephone,  775 

,,  Symmer's,  7 
Thermo-Electricity,  113 

.,  ,,  Battery,  114,  iiS 

,,  ,,  Seebeck’s,  1x3 

Thermo-Couple,  Noe’s,  449 
Thermophone,  'The,  798 
Thermo-Piles,  115,  447 

,,  ,,  Clamond's,  448 

,,  ,,  Economic  Value,  447 

,,  ..  Hauck's,  451 

,,  ,,  Markus's,  447,  448 

,,  ,,  Melloni’s,  115 

Thomson.  Elihu  and  J.  J.,  Experiments  with 
Discharges  in  High  Vacua,  213,  214 
Thomson’s  Alternator,  368 

,,  Difference  of  Potential,  74,  91 

,,  Energy  Meter,  660 

,,  Siphon  Recorder,  935 

, , Transformer,  643 

Thomson-Houston  Dynamo,  The,  348 
Three-Phase  Transmission,  722 
T-Joint,  627,  628,  633,  634 
Todd,  Mr.  (Electric  Eel),  224 
Toepler’s  Induction  Machine,  59 
Torpedo  or  Electric  Ray,  The,  224 
Torricelli’s  Vacuum,  509 
Torsion  Balance,  Coulomb’s,  39 
,,  ,,  The  Magnetic,  20 

“Trade”  Dynamo,  Crompton’s,  339 
Tramways,  Electric,  691 

Transformers,  610,634.  (See  also  Induction  Coils.) 
,,  Alternate  Current,  636 

,,  Closed-Cireuit,  638 

,,  Continuous  Current,  648 

,,  Ferranti’s,  640 

,,  for  Electric  Welding,  746 

,,  Hedgehog,  638 

,,  Mordey's,  638 

,,  Open-Circuit,  323,  637 

,,  Siemens’  Cable,  638 

,,  Tesla’s,  641 

,,  Thomson’s,  643 

,,  Zipernowski’s,  645 

Transmission  of  Power,  Electric,  371,  662,  668, 

714 

Trough  Battery,  The,  423 
Trouv^’s  Blotting  Pad  Cell,  424 
,,  Electric  Jewels,  587 
Tschikoleffs  Lamp,  548 
Tunnelling,  Electric,  712 
Tyer’s  Form  of  Smee’s  Cell,  412 
,,  Cell,  417 

Type  Printing  Telegraphs,  892 


U 

Unipolar  Dynamos,  Ball’s,  406 

■ > ,,  Ferraris’,  309,  310 

■ > ,,  Siemens’,  308 


Unipolar  Induction,  189 
,,  Machines,  306 
Unit  Jar,  Lane's,  69,  93 
Units,  Board  of  Trade,  657 
,,  Comparative  Table,  564 
,,  Decimal  System  of,  227 
,,  Electric,  Systems  of,  228,  229 
,,  Electro-Magnetic,  System  of,  229 
,,  Heat,  142 
,,*  Magnetic,  22,  228,  229 
,,  of  Acceleration,  229 
,,  of  Capacity,  229 
,,  of  Energy,  657 
,,  of  Illuminating  Power,  232 
,,  of  Light,  232 
,,  of  Resistance,  Siemens’,  128 
,,  of  Velocity,  Acceleration  and  Force,  227 
,,  Practical,  of  Electricity,  Work  and  Heat, 
Relation  between,  399 
,,  ,,  Table  of,  231 

Urbanitzky  and  Reitlinger,  Discharges  in  Partial 
Vacua,  201 


V 

Vacua,  Higher,  Discharges  in,  202 
Vacuum  of  Glow  Lamps,  Producing,  509 
,,  Tubes,  198,  et  seq. 

,,  ,,  Magnets  affect  the  Discharges 

in,  200 

Values,  Thermo-Electric,  114 
Varley’s  Insulator,  gio 
Velocity,  Curve  for  a,  385 

, , of  Electric  Discharge,  79 

,,  Unit  of,  227 

Victoria  Dynamo,  The,  325 
Volt,  The,  133—135.  231 
Volta  and  the  Chemical  Theory,  97 
, , Contact  Theory,  95 
,,  Difference  of  Potential,  91 
Volta’s  Cell,  410 

, , Condensing  Electroscope,  66 

,,  Contact  Law,  99 

,,  Discoveries,  7,  8 

,,  Pile,  107 

Voltaic  Arc,  The,  146 
Voltameters,  94,  150,  651 

,,  Disadvantage  of,  659 

,,  Naudin’s,  731 

Voss  Induction  Machine,  The,  60 


W 

Wachter  and  Reitlinger’s  Dust  Figures,  89 
Wall.  Dr.,  4 

Wall  Socket  and  Plug,  The,  577 
Watchman-Clocks,  Electric,  950,  et  seq. 

Water,  Analogy  between  Flow  of,  and  Electric 
Current,  116,  122,  124,  256 
,,  Electrolysis  of,  104,  150,  151 
Waterproof  Railway  Motor,  The,  679,  680 
Watson’s  Leyden  Jar,  6 
Watt,  The,  228,  231 
Weber’s  Electro-Dynamometer,  165 
,,  Reflecting  Galvanometer,  136 
Weights  and  Measures,  Conversion  Table  of 
French  and  English,  232 
Weinhold’s  Bell,  802 
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Welding,  Electric,  743 

Wertheim,  Production  of  Sound  in  Magnetism, 
176 

Westinghouse  Alternator,  367 
Weston  Armature,  The,  286 
,,  Machine,  286 
Weston-Mbhring's  Lamp,  535 
Wheatstone’s  ABC  System  (Telegraphy),  882 
,,  Bridge,  126,  132 

,,  Experiment  on  Velocity  of  Discharge, 

79 

„ Pointer  Telegraph,  871 

,,  Relay,  871 

,,  System  of  Telegraphy,  912 

Wheel  Dynamos,  343 
Whistle,  Electric,  Steam  Automatic,  956 
Wiedemann’s  Arc  Micrometer,  147 

,,  Electrolytic  App.aratus,  154 
Wilde’s  Electro-Magnet  Machine,  240 
Williamson,  Dr.,  Observations  on  the  Gymnotus, 
225 

Wilson’s  Cylindrical  Machine,  5 


Wimshurst’s  Influence  Machine,  61 
Windmill,  Electric,  50 
Winkler’s  Cylindrical  Machine,  5 
Winter’s  Electric  Machine,  52 
Wires  and  their  Supports,  l elephone,  819 
,,  Resistance  of,  118 
,,  Telegraph,  910 
Wollaston’s  Battery,  107 
Wood,  Preservation  of,  910 
Work,  Unit  of,  228 

Working  Conditions  and  Construction  of 
Machines,  375,  389 
Wreden’s  Microphone,  789 
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Zamboni’s  Pile,  109 

Zinc-Carbon  Cells  with  Salt  Solutions,  420 
,,  The  Amalgamation  of,  445 
Zipernowski’s  Transformer,  645 
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Dr.  Dumdny’s  Wife.  A Novel.  By  Maurus  J6kai.  Cheap  Edition,  6s. 

Dulce  Domum.  Rhymes  and  Songs  for  Children.  Edited  by  John  Farmer, 
Editor  of  “Gaudeamus,”  &c.  Old  Notation  and  Words,  5s.  N.B.— The  Words  of 

the  Songs  m “ Dulce  Domum”  (with  the  Airs  both  in  Tonic  Sol-Fa  and  Old  Notation) 
can  be  had  in  Two  Parts,  6d.  each. 

Earth,  Our,  and  its  Story.  Edited  by  Dr.  Robert  Brown,  F.L.S.  With 

Engravings.  Complete  in  Three  Vols.  os."  each. 
Edinburgh,  Old  and  New,  Cassell’s.  With  600  Illustrations.  Three  Vols. 
9s.  each  ; library  binding,  f,\  los.  the  set. 

Egypt:  Descriptive,  Historical,  and  Picturesque.  By  Prof.  G.  Ebers. 

Samuel  Birch,  LL.D.,&c.  Two  Vols  42s' 

Electricity,  Practical  By  Prof.  W.  E.  Ayrton.  lUustrated.  Cloth,  7s.  6d.^ 
Electricity  in  the  Se^ce  of  Man.  A Popular  and  Practical  Treatise.  With 
_ .nearly  850  Illustrations.  New  and  Revised  Edition,  los.  6d. 

Employment  for  Boys  on  Leaving  School,  Guido  to.  By  W.  S.  Beard 

r.K.U.b.  IS,  6d,  • 
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Cheap 


Encyclopaedic  Dictionauy,  The.  Complete  in  Fourteen  Divisional  Vols.,  los.  6d. 

each  • or  Seven  Vols.,  half-morocco,  21s.  each  ; half-russia,  25s.  each. 

England,  ’ Cassell’s  Illustrated  History  ot  With  2,000  Illustrations.  Ten 
Vols.,  4to,  gs.  each.  Ne^uand  Revised  Edition.  Vols.  I.  to  VI.,  gs.  each. 

English  Dictionary,  Cassell’s.  Containing  Definitions  of  upwards  of  100,000 
Words  and  Phrases.  Demy  8vo,  1,100  pages,  cloth  gilt,  7s.  6d.  Cheap  Edition,  3s.  6d. 
English  History,  The  Dictionary  ot  Cheap  Edition,  los.  6d. ; roxburgh,  15s. 
EngUsh  Literature,  Library  ot  By  Prof.  H.  Morley.  In  5 Vols.,  7s.  6d.  each. 
EngHBh  Literature,  Morley’s  First  Sketch  ot  Revised  Edition,  7s.  6d 
PtigiiRii  Literature,  The  Dictionary  ot  By  W.  Davenport  Adams. 

Edition,  7s.  6d.  ; roxburgh,  los.  6d. 

EngUsh  Literature,  The  Story  ot  By  Anna  Buckland.  3s.  6d. 

ETig-itHti  Writers.  By  Henry  Morley.  Vols.  I.  to  X.  5s.  each. 

.Ssop’s  Fables.  Illustrated  by  Ernest  Griset.  Cheap  Edition.  Cloth,  3s.  6d.  ; 

bevelled  boards,  gilt  edges,  5S. 

Etiquette  of  Good  Society.  New  Edition.  Edited  and  Revised  by  Lady 

Colin  Campbell,  is.  ; cloth,  is.  6d.  t 1.  ^ 

Europe,  Cassell’s  Pocket  Guide  to.  Edition  for  1893.  Leather,  6s. 

Fairway  Island.  By  Horace  Hutchinson.  With  Four  Full-page  Plates. 

Cheap  Edition.  3s.  fid.  „ „ 

Faith  Doctor,  The.  A Novel.  By  Dr.  Edward  Eggleston.  Cheap  Edition,  6s. 
FanUly  Physician.  By  Eminent  Physicians  and  Surgeons.  New  and 

Revised  Edition.  Cloth,  21s.  ; roxburgh,  25s.  , , , . 

Father  Mathew:  His  Life  and  Times.  By  Frank  J.  Mathew.  2s.  6d. 
Father  Stafford.  A Novel.  By  Anthony  Hope,  Author  of  “A  Man  of  Mark.  6s. 
Fenn,  G.  Manville,  Works  by.  Boards,  2s.  each  ; or  cloth,  2s.  6d. 

Poverty  Corner.  I Tbe  P^son  o’ Dumford.  1 
My  Patients.  I The  Vicar’s  People.  J 

Field  NaturaUst’s  Handbook,  The.  By  Revs.  J.  G.  Wood  and  Theodore 

Wood.  Cheap  Edition,  2S.  fid.  . 

Figuier’s  Popular  Scientific  Works.  With  Several  Hundred  Illustrations  m 

each.  3s.  fid.  each. 


The  Insect  World. 
The  Human  Kace. 


I Eeptlles  and  Birds.  I The  Ve^table  World. 

I Mammalia.  I Ocean  W orld. 

The  World  before  the  Deluge. 

Figure  Painting  in  Water  Colours.  With  16  Coloured  Plates.  7s.  6d. 

Flora’s  Feast.  A Masque  of  Flowers.  Penned  and  Pictured  by  Walter 
Crane  With  40  pages  in  Colours.  5s. 

Flower  Painting,  Elementary.  With  Eight  Coloured  Plates.  3s. 

Flowers  and  How  to  Paint  Them.  By  Maud  Naftel.  With  Coloured  Plates.  5a 
Footbali : the  Rugby  Union  Game.  Edited  by  Rev.  F.  Marshall.  Illustrated. 

FossU^ReWes,  A History  of  British.  By  Sir  Richard  Owen,  F.R.S.,  &c. 

Frase^'jblm  Dnunmond^^^  A Story  of  Jesuit  Intrigue  in 

Garden'  nowers°  Familiar.  ^ By  Shirley  HibB^d.  With  Colour^  Plates  by 

F E Hulme  F.L.S.  Complete  in  Five  Senes.  Cloth  gilt,  12s.  6d.  each. 

Garde Wg,  Cassell’s  Popular.  Illustrated.  Complete  in  Four  Vols.  ss.  ^cE 
Geometrical  Drawing  for  Army  Candidates.  By  H.  T.  Lilley,  M.A.  2s.  6d. 
Geometry,  First  Elements  of  Experimental.  By  Paul  Bert.  is.  6d. 
Geometry,  Practical  Solid.  By  Major  Ross.  2s. 

Georee  Saxon,  The  Reputation  of.  By  Morley  Roberts.  5s. 
rfibert  Elizabeth  and  her  Work  for  the  Blind.  By  Frances  Martin.  2a  6d. 
oiSgslSm  Pop^^^^^  Two  Vols.  With  Original  Illustrauona 

4to,  QS.  each.  Two  Vols.  in  One,  15s.  „ 

Gulliver’s  Travels.  With  88  Engravings.  Cloth,  3s.  6d.  . cloth  gilt,  5s. 

Gun  and  its  Development,  The.  By  W.  W.  Greener.  Illustrated,  los.  6d 
Guns,  Modern  Shot.  By  W.  W.  Greener.  Illustrated,  ss. 

Health  at  SchooL  By  Clement  Dukes,  M.D.,  B.S.  7s.  6d. 

Health,  The  Book  of.  By  Eminent  Physicians  and  Suigeons.  Cl°th.  ■ j.  g 
Heavens  The  Story  of  the.  By  Sir  Robert  Stawell  Ball,  LL.D.,  F.  . . 

With  Coloured  Plates  and  Wood  Engravings.  Popular  Edition,  12s.  fid. 
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Heroes  of  Britain  In  Peace  and  War.  With  300  Original  Illustrations.  Cheap 
Edition.  Two  Vols.  3s.  fid.  each,  or  two  vols.  in  one,  cloth  gilt,  7s.  fid. 

Hiram  Golf’s  Religion;  or,  the  Shoemaker  by  the  Grace  of  God.  2s. 
Historic  Houses  of  the  United  Kingdom.  With  Contributions  by  the  Rev.  Pro- 
fessor Bonney,  F.R.S.,  and  others.  Profusely  Illustrated.  los.  fid. 


History,  A Footnote  to.  Eight  Years  of  Trouble  in  Samoa.  By  Robert  Louis 

Stevenson,  fis. 

Home  Life  of  the  Ancient  Greeks,  The.  Translated  by  Alice  Zimmern. 
Illustrated.  7s.  fid. 

Hors  de  Combat ; or.  Three  Weeks  In  a Hospital  Founded  on  Facts.  By 

Gertrude  and  Ethel  Armitage  Southam.  Illustrated,  crown  4to,  5s. 

Horse,  The  Book  of  the.  By  Samuel  Sidney.  Thoroughly  Revised  and 
brought  up  to  date  by  James  Sinclair  and  W.  Cl  A.  Blew.  With  17  Full-page 
Collotype  Plates  of  Celebrated  Horses  of  the  Day,  and  numerous  other  Illustrations. 
Cloth,  15s. 

Houghton,  Lord : The  Life,  Letters,  and  Friendships  of  Richard  Monckton 
Mllnes,  First  Lord  Houghton.  By  T.  Wemyss  Reid.  Two  Vols.  32s. 
Household,  Cassell’s  Book  of  the.  Illustrated.  Complete  in  Four  Vols.  5s.  each; 
or  Four  Vols.  in  two,  half-morocco,  25s. 

Hygiene  and  Public  Health.  By  B.  Arthur  Whitelegge,  M.  D.  Illustrated. 
New  and  Revised  Edition.  7s.  fid. 

India,  Cassell’s  History  of.  By  James  Grant.  With  400  Illustrations.  Two 
Vols.,  gs.  each,  or  One  Vol.,  15s. 

In-door  Amusements,  Card  Games,  and  Fireside  Fun,  Cassell's  Book  ot 

With  numerous  Illustrations.  Cheap  Edition.  Cloth,  2S. 

Into  the  Unknown  : a Romance  of  South  Africa.  By  Lawrence  Fletcher.  4s. 

Iron  Pirate,  The.  A Plain  Tale  of  Strange  Happenings  on  the  Sea.  By  Max 
Pemberton.  Illustrated.  5s. 

Island  Nights’  Entertainments.  By  R.  L.  Stevenson.  Illustrated,  6s. 

Italy  from  the  Fall  of  Napoleon  I.  in  1815  to  1890.  By  J.  W.  Probyn.  3s.  6d. 
‘•Japanese’’  Library,  CasseU's.  Consisting  of  12  Popular  Works  bound  in 
Japanese  style.  Covers  in  water-colour  pictures,  is.  3d.  each,  net. 


Handy  An^.  Oliver  Twist.  Ivanhoe.  Ingoldsby  Legends. 
Mohicans.  The  Last  Days  of  Pompeii.  The  Yellowplush  Papers. 
Palmyra.  Jack  Hinton  the  Guardsman.  Selections  from  the 
Hood.  American  Humour.  Tower  of  Loudon. 


The  Last  of  the 
The  Last  Days  of 
Works  of  Thomas 


Joy  and  Health.  By  Martellius.  Illustrated,  cloth,  3s.  6d.  [Edition  de 

Luxe^  7s.  6d.) 

Kennel  Guide,  Practical  By  Dr.  Gordon  Stables.  Illustrated.  Cheap  Edition  is. 
“La  Bella,”  and  Others.  By  Egerton  Castle.  Buckram,  6s. 

Ladies’  Physician,  The.  By  a London  Physician.  6s. 

Lady’s  Dressing  Room,  The.  Translated  by  Lady  Colin  Campbell  qs  6d 
Lake  Dwellings  of  Europe.  By  Robert  Munro,  M.D.,  M.A.  Cloth,  31s.  6d.’ 
Leona.  By  Mrs.  Molesworth.  6s. 

Letters,  The  Highway  of ; and  its  Echoes  of  Famous  Footsteps.  By  Thomas 
Archer.  Illustrated,  los.  fid. 

Letts’s  Diaries  and  other  Time-saving  Publications  are  now  published  exclu-  • 
sively  by  Cassell  & Company.  (A  List  sent  post  free  on  application  ) 

Little  Minister,  The.  By  J.  M.  Barrie.  Illush-ated  Edition,  6s 
Locomotive  Engine,  The  Biography  of  a.  By  Henry  Frith  cs 
Loftus,  Lord  Augustus,  P.C.,  G.C.B.,  The  Diplomatic  Reminiscences  of.  First 
Senes.  With  Portrait.  Two  Vols.  Demy  8vo,  32s.  Second  Series.  Two  Vols  22s 
London,  Greater.  By  Edward  Walford.  Two  Vols.  With  about  loo 
Illustrations,  gs.  each.  Library  Edition.  Two  Vols.  the  set.  ^ 

London,  Old  and  New.  By  Walter  Thornbury  and  Edward  Walford 
T Vols.,  with  about  1,200  Illustrations.  Cloth,  gs.  each.  Library  Edition  £% 

London  Street  Arabs.  By  Mrs.  H.  M.  Stanley.  Illustrated  5s. 

Medic^  ^ndbook  of  Ltie  Assurance.  By  James  Edward  Pollock.  M.D. 
njT  ^*7  J*’ C^^SHOLM,  Fellow  of  the  Institute  of  Actuaries  London  7«  6d* 
Me^ctae  ^dy.  The.  By  L.  T.  Meade.  Cheap  Edition,  One  Vol.  6s  ^ 
Me^cine,  Manuals  for  Students  of.  {A  List  forwarded  post  free  on  at>t>licati-,n  \ 

Modem  Europe,  A History  ot  By  C.  A.  Fyffe,  M.A.  Complete  in  Three  Vols." 
with  full-page  Illustrations.  7s.  fid.  each.  v.ompiete  in  1 nree  Vols. , 

Mount  Desolation.  An  Australian  Romance.  By  W.  Carlton  Da  we.  5s 
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Musical  and  Dramatic  Copyriglit,  The  Law  ot  By  Edward  Cutler, 
Thomas  Eustace  Smith,  and  Frederic  E.  Weatherly.  3s.  6d.  t. 

Music,  Illustrated  History  of.  By  Emil  Naumann.  Edited  by  the  Rev. 

Sir  F.  A.  Gore  Ouseley,  Bart.  Illustrated.  TwoVols.  31s.  6d. 

Napier,  The  Life  and  Letters  of  the  Rt.  Hon.  Sir  Joseph,  Bart.,  LL.D.,  D.C.L., 
M.R.I.A.  By  Alex.  C.  Ewald,  F.S.A.  New  and  Revised  Edition,  js.  6A. 
National  Library,  Cassell’s.  In  Volumes.  Paper  covers,  3d.  ; cloth,  6<L 
(A  Compute  List  of  the  Volumes  post  free  on  application^) 

Natural  Histo^,  Cassell’s  Concise.  ByE.  Perceval  Wright,  M.A.,  M.D., 
F.L.S.  With  several  Hundred  Illustrations.  7s.  fid.  ; also  kept  half-bound. 

Natural  History,  Cassell’s  New.  Edited  by  P.  Martin  Duncan,  M.B.,  F.R.S., 
F.G.S.  Complete  in  Six  Vols.  With  about  a,ooo  Illustrations.  Cloth,  gs.  each. 
Nature’s  Wonder  Workers.  By  Kate  R.  Lovell.  Illustrated.  3s.  6d. 
Nelson,  The  Life  of.  By  Robert  Southey.  Illustratedwith  Eight  Plates.  3s.  6d. 
New  England  Boyhood,  A.  By  Edward  E.  Hale.  3s.  6d. 

Nursing  for  the  Home  and  for  the  Hospital,  A Handbook  of.  By  Cathe- 
rine J.  Wood.  Cheap  Edition,  is.  fid. ; cloth,  2s. 

Nursing  of  Sick  Children,  A Handbook  for  the.  By  Catherine  J.  Wood.  2s.  6d. 
O’DriscoU’s  Weird,  and  Other  Stories.  By  A.  Werner.  Cloth,  5s. 

Odyssey,  The  Modem.  By  Wyndham  F.  Tufnell.  Illustrated.  los.  6d. 

Ohio,  The  New.  A Story  of  East  and  West.  By  Edward  Everett  Hale.  6s. 
Our  Own  Country.  Six  Vols.  With  1,200  Illustrations.  Cloth,  7s.  fid.  each. 
Out  of  the  Jaws  of  Death.  By  Frank  Barrett.  Cheap  Edition,  OneVol.,  fis. 
Painting,  The  English  School  of.  By  Ernest  Chesneau.  Cheap  Edition,  3s.  fid. 
Paris,  Old  and  New.  A Narrative  of  its  History,  its  People,  and  its  Places.  By 
H.  Sutherland  Edwards.  Profusely  Illustrated.  Vol.  I.,  gs. 

Peoples  of  the  World,  The.  By  Dr.  Robert  Brown.  Complete  in  Six  Volumes. 
With  Illustrations.  7s.  fid.  each. 

Perfect  Gentleman,  The.  By  the  Rev.  A.  Smythe-Palmer,  D.D.  3s.  fid. 
Phillips,  Watts.  Artist  and  Playwright.  By  Miss  E.  Watts  Phillips.  With 

32  Plates.  los.  fid. 

Photogrraphy  for  Amateurs.  By  T.  C.  Hepworth.  Enlarged  and  Revised 
Edition.  Illustrated,  is.  ; or  cloth,  is.  fid. 

Phrase  and  Fable,  Dictionary  of.  By  the  Rev.  Dr.  Brewer.  Cheap  Edition, 

Enlarged,  cloth,  3s.  fid.  ; or  with  leather  back,  4s.  fid. 

Picturesque  America.  Complete  in  Four  Vols.,  with  48  Exquisite  Steel  Plates, 
and  about  800  Original  Wood  Engravings,  fa  2s.  each. 

Picturesque  Canada.  With  about  fioo  Original  Illustrations.  Two  Vols. 

ft  fis.  the  set. 

Picturesque  Europe.  Complete  in  Five  Vols.  Each  containing  13  Exquisite  Steel 

Plates,  from  Original  Drawings,  and  nearly  200  Original  Illustrations,  fax  ; half- 
morocco, .£31  los. ; morocco  gilt,  .£52  los.  Popular  Edition.  In  Five  Vols.  1 8s.  each. 

Picturesque  Mediterranean,  The.  With  a Series  of  Magnificent  Illustrations 
from  Original  Designs  by  leading  Artists  of  the  day.  Two  Vols.  Cloth,  fa  2s.  each. 
Pigeon  Keeper,  The  Practical.  By  Lewis  Wright.  Illustrated.  3s.  fid. 
Pigeons,  The  Book  of.  By- Robert  Fulton.  Edited  by  Lewis  Wright.  With 

50  Coloured  Plates  and  numerous  Wood  Engravings.  31s.  fid. ; half-morocco,  fa  as. 

Pity  and  of  Death,  The  Book  of.  By  Pierre  Loti,  Member  of  the  French 
Academy.  Translated  by  T.  P.  O’Connor,  M.P.  Antique  paper,  cloth  gilt,  5s. 
Planet,  The  Story  of  Our.  By  T.  G.  Bonney,  D.Sc.,  LL.D.,  F.R.S.,  F.S.A., 
F.G.S.  With  Six  Coloured  Plates  and  Maps  and  about  100  Illustrations.  31s.  fid. 
Pla3Tthings  and  Parodies.  Short  Stories,  Sketches,  &c.,  by  Barry  Pain.  5s. 
Poems,  Aubrey  de  Vere’s.  A Selection.  Edited  by  John  Dennis.  3s.  fid. 
Poetry,  The  Nature  and  Elements  of  By  E.  C.  Stedman.  fis. 

Poets,  Cassell’s  Miniature  Library  of  the.  Price  is.  each  Vol. 

Political  Questions  of  the  Day,  A Manual  ot  By  Sydney  Buxton,  M.P. 

New  and  Enlarged  Edition.  Paper  Covers,  is. ; or  cloth,  is.  fid. 

Polytechnic  Series,  The.  Practical  Illustrated  Manuals  specially  prepared  for 
Students  of  the  Polytechnic  Institute,  and  suitable  for  the  Use  of  all  Students.  {A 
List  will  be  sent  on  application.) 

Portrait  Gallery,  The  Cabinet.  First,  Second,  Third,  and  Fourth  Senes, 
each  containing  3fi  Cabinet  Photographs  of  Eminent  Men  and  Women  of  the  day. 
With  Biographical  Sketches.  15s.  each. 

Poultry  Keeper,  The  PractlcaL  By  Lewis  Wright.  Illustrated.  3s.  fid. 
Poultry,  The  Book  of  By  Lewis  Wright.  Popular  Edition.  Illustrated.  los.  fid. 
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PoiUtry,  The  Illustrated  Book  of.  By  Lewis  Wright.  With  Fifty  Exquisite 
Coloured  Plates,  and  numerous  Wood  Engravings.  Revised  Edition.  Cloth,  31s.  6d- 
Public  Libraries,  Free.  New  Edition.  By  T.  Greenwood.  Illustrated.  2s.  6d- 
0’s  Works,  Uniform  Edition  of.  5s.  each 


Dead  Man’s  Hook. 
The  Splendid  Spur. 
The  Blue  Pavilions. 


The  AslonishinR  History  of  Troy  Town. 

**  I Saw  Three  Ships,*’  and  other  Winter’s  Tales, 
Koughts  and  Crosses. 


Queen  Summer ; or,  The  Tourney  of  the  Lily  and  the  Rose.  Penned  and 

Portrayed  by  Walter  Crane.  With  40  pages  in  Colours.  6s. 

Queen  Victoria,  The  Life  and  Times  o£  By  Robert  Wilson.  Complete  in 
3 Vols.  With  numerous  Illustrations.  9s.  each. 

Quickening  of  Caliban,  The.  A Modern  Story  of  Evolution.  By  J.  Compton 

Rickett.  5s. 

Rabbit-Keeper,  The  Practical.  By  Cuniculus.  Illustrated.  3s.  6d. 

Raffles  Haw,  The  Doings  of.  By  A.  Conan  Doyle,  Author  of  “ Micah 
Clarke,”  “ Sherlock  Holmes,"  &c.  New  Edition,  cloth  gilt,  5s. 

Railways,  Our.  Their  Development,  Enterprise,  Incident,  and  Romance.  By 

John  Pendleton.  Illustrated.  2 Vols.,  demy  8vo.  24s. 

Railway  Guides,  Official  Illustrated.  With  Illustrations  on  nearly  every  page. 


Myis,  &c.  Paper  covers,  is. ; cloth,  2S. 
Great  Eastern  Railway- 
Great  Northern  Railway. 

Great  Western  Railway. 

London,  Brighton,  and  South  Coast  Railway. 


London  and  North  Western  Railway. 
London  and  South  W estern  Railway. 
Midland  Railway. 

South  Eastern  Railway. 


Railway  Library,  Cassell’s.  Crown  8vo,  boards,  2s.  each. 


Metzerott,  Shoemaker.  By  Katharine  P. 
Woods. 

David  Todd.  By  David  Maclure. 

The  Admirable  Dady  Biddy  Fane.  By 
Frank  Barrett. 

Commodore  Junk.  By  G.  Manville  Fenn. 

St.  Cuthbert's  Tower.  By  Florence  War- 
den. 

The  Man  with  a Thumb.  By  W.  C.  Hud- 
son (Barclay  North). 

By  Hight  Not  Law.  ByR.  Sherard. 

Within  Sound  of  the  weir.  By  Thomas 
St.  E.  Hake. 

ITnder  a Strange  Mask.  By  Frank  Barrett 

The  CoombsberrowMystery.  ByJ.ColwalL 

A Queer  Haoe.  By  W.  Westall. 

Captain  Trafalgar.  By  Westall  and  Laurie. 

The  Phantom  City.  By  W.  Westall. 


Jack  Gordon,  Hnight  Errant.  By  W.  C 
Hudson  (Barclay  North)^ 

The  Diamond  Button : Whose  Was  ItP 
By  W.  C.  Hudson  (Barclay  North). 

Another’s  Crime.  By  Julian  Hawthorne. 

The  Toke  of  the  Thorah.  By  Sidney 

Luska. 

Who  is  John  Noman  P By  C.Hen^  Beckett 

The  Tragedy  of  Brinkwater.  By  Martha 
L.  Moodey. 

An  American  Penman.  By  Julian  Haw- 
thorne. 

Section  558 ; or.  The  Fatal  Letter.  By 
Julian  Hawthorne. 

The  Brown  Stone  Boy.  By  W.  H.  Bishop. 

A Tragic  Mystery.  By  Julian  Hawthorne. 
The  Great  Bank  Bobbery.  By  Julian 


Hawthorne. 

Rivers  of  Great  Britain  : Descriptive,  Historical,  Pictorial. 

The  Hoyal  Hiver : The  Thames  from  Source  to  Sea.  Pot>ular  Edition,  i6s. 

Hivers  of  the  East  Coast.  With  highly-finished  Engravings.  Popular  Edition, 

Robinson  Crusoe.  Cassells  New  Fine- Art  Edition,  With  upwards  of  loo 
Original  Illustrations.  7s.  6d. 

Romance,  The  World  of.  Illustrated.  One  Volume,  cloth,  9s. 

Ronner,  Henriette,  The  Painter  of  Cat  Life  and  Cat  Character.  Containing 
a Series  of  beautiful  Photot5rpe  Illustrations.  The  Text  by  M.  H.  Spielmann. 
Popular  Edition^  4to,  12s. 

Rovings  Of  a Restless  Boy,  The.  By  Katharine  B.  Foot.  Illustrated.  5s. 
Russo-TurMsh  War,  Cassell’s  History  of.  With  about  500  Illustrations.  Two 
Vols.,  9s.  each;  library  binding.  One  Vol.,  15s. 

Salisbury  Parliament,  A Diary  of  the.  By  H.  W,  Lucy.  Illustrated  by 
Harry  Furniss.  Cloth,  21s.  ^ 

Saturday  Journal,  Cassell’s.  Illustrated  throughout.  Yearly  Volume,  7s.  6d. 
Scarabseus.  The  Story  of  an  African  Beetle.  By  The  Marquise  Clara 
Lanza  and  Jambs  Clarence  Harvey.  CJuap  Edition,  3s.  6d 
Science  for  All.  Edited  by  Dr.  Robert  Brown,  M.A.,  F.L.S.,  &c.  Revised 
Edition,  With  1,500  Illustrations.  Five  Vols.  9s.  each. 

Shadow  of  a Song,  The.  A Novel.  By  Cecil  Harley.  5s. 

Shaftesbury,  The  Seventh  Earl  of,  K.G.,  The  Life  and  Work  ot  By  Edwin 

Hoddkr.  Illustrated.  Cheap  Edition^  3s.  6d. 

Shakespeare,  Cassell’s  Quarto  Edition.  Edited  by  Charles  and  Mary  Cowden 
Clarke,  and  containing  about  600  Illustrations  by  H.  C.  Selous.  Complete  in 
ihree  Vols.,  cloth  gilt,  ,43  3s. — Also  published  in  Three  separate  Volumes,  in  cloth, 
:—l he  Comedies,  21s. ; The  Historical  Plays,  i8s,  6d. ; The  Tragedies.  2ss 
Shakespeare,  Miniature.  Illustrated.  In  Twelve  Vols.,  in  box,  12s.  ; or  in 
Red  Paste  Grain  (box  to  match),  with  spring  catch,  lettered  in  gold,  21s. 


Selections  frotn  Cassell  & Company's  Publications. 


Shakespeare,  The  Plays  of.  PZdited  by  Prof.  Henry  Morley.  Complete  in 
Thirteen  Vols.  Cloth,  m box,  21s. ; half-morocco,  cloth  sides,  42s. 

Shakespeare,  The  England  of.  By  E.  Goadby.  Illustrated.  New  Edition.  2s.  6d 
Shakspere,  The  International.  Edition  de  luxe. 

Sir  James  Linton,  P.R.I.  {.Price  on  application.') 
Othello.  Illustrated  by  Frank  Dicksee,  R.A.  10s 
“ King  Henry  IV.”  Illustrated  by  Herr  Eduard  GrOtzner.  £■>  los. 

As  You  Like  It.  ^Illustrated  by  the  late  Mons.  Emile  Bayard.  £-i  los 
Rome^nd  Juliet  Illustrated  by  Frank  Dicksee,  R.A.  Is  now  out  of  print. 
Shakspere,  The  Leopold.  With  400  Illustrations,  and  an  Introduction  by  F I 
Furnivall.  Cheap  Edition  3S;  6d.  Cloth  gilt,  gilt  edges,  5s. ; roxburgh,  7s.  6d. 
Shakspere,  The  RoyaL  W^ith  Exquisite  Steel  Plates  and  W^ood  Eneravinffs, 

I'hree  Vols.  15s.  each.  ® ^ 

Sketches,  The  Art  of  Making*  and  Using.  From  the  French  of  G.  Fraipont 

By  Clara  Bell.  With  Fifty  Illustrations.  2s.  6d. 

Smuggling  Days  and  Smuggling  Ways  ; or,  The  Story  of  a Lost  Art.  By 
Commander  the  Hon.  Henry  N.  Shore,  R.N.  Illustrated.  Cloth,  7s  6d. 

Snare  Of  the  Fowler, The.  By  Mrs.  Alexander.  Cheap  Edition  in  one  Pol.,  6^ 
Social  England.  A Record  of  the  Progress  of  the  people  in  Religion,  Laws, 
Learning  Arts,  Science,  Literature,  and  Manners,  from  the  Earliest  Times  to  the 
Present  Day.  By  various  writers.  Edited  by  H.  D.  Traill,  D.C  L Voll  — 

From  the  Earliest  Times  to  the  Accession  of  Edward  the  First  iss 
Social  Welfare,  Subjects  of.  By  the  Rt.  Hon.  Lord  Playfair,  K.C.B.,  &c. 

ys.  6d. 


Sports  and  Pastimes,  Cassell’s  Complete  Book  of  With  more  than  900 
Illustrations.  Cheap  Edition,  3s.  6d.  ^ 

Squire,  The.  By  Mrs.  Parr.  Cheap  Edition  in  one  Vol.,  6s,. 

Standard  Library.  Cassell’s.  Cloth,  2s.  each. 


Snirley. 

Coningsby. 

Mary  Barton. 

The  Antiquary. 

Niobolas  Nickleby.  Two 
Vols. 

Jane  Eyre. 

Wutheriug  Heights. 

The  Prairie. 

Dpmbey  and  Son.  Two  Vols. 

Hight  and  Morning. 

Kenilworth. 

The  Ingoldsby  Legends. 

Tower  of  London. 

The  Pioneers. 

Charles  O’Malley. 

Bamaby  Hudgo. 

Cakes  and  Ale. 

The  King’s  Own. 

People  I have  Met. 

The  Pathfinder. 

Evelina. 

Scott’s  Poems. 

Last  of  the  Barons.  ^ 

Star-Land.  By  Sir  Robert  Stawell  Ball,  LL.D 


Adventures  of  Mr.  Ledbury. 

Ivanhoe. 

Oliver  Tavist. 

Selections  from  Hood’s 
Works. 

Longfellow’s  Prose  Works. 

Sense  and  Sensibility. 

Lytton’s  Plays. 

Tales,  Poems,  and  Sketches 
(Bret  Harte). 

The  Prince  of  the  House  of 
David. 

Sheridan’s  Plays. 

XTncie  Tom’s  Cabin. 

Deerslayer. 

Eugene  Aram. 

Ja<^  Hinton,  the  Guards- 
man. 

Borne  and  the  Early  Chris- 
tians. 

The  Trials  of  Margaret 
Lyndsay. 

Edgar  Allan  Poe.  Prose  and 
Poetry.  Selections  from. 


Old  Mortality. 

The  Hour  and  the  Man. 
Washington  Irving’s  Sketch. 
Book. 

Last  Days  of  Palmyra. 

Tales  of  the  Borders. 

Pride  and  Prejudice. 

Last  of  the  Mohicans. 

Heart  of  Midlothian. 

Last  Davs  of  Pompeii. 
Yellowplush  Papers. 

Handy  Andy. 

Selected  Plays. 

American  Humour. 

Sketches  by  Boz, 

Macaulay’s  Lays  and  Se- 
lected Essays. 

Hairo  Lorrequer. 

Old  Curiosity  Shop. 

Bienzi. 

The  Talisman. 

Pickwiok.  Two  Vols. 

Scarlet  Letter. 

Martin  Chuzzlewit.  Two  Vols. 
&c.  Illustrated.  6s. 


Storehouse  of  General  Information,  Cassell’s.  Fully  Illustrated  with  High- 
Class  Wood  Engravings,  and  with  Maps  and  Coloured  Plates.  In  Vols.  5s.  each. 
Story  of  Francis  Cludde,  The.  A Novel.  By  Stanley  T.  Weyman.  6s. 
Successful  Life,  The.  By  An  Elder  Brother.  3s.  6d. 

Sun,  The.  By  Sir  Robert  Stawell  Ball,  LL.D.,  F.R.S.,  F.R.A.S.  Ulus- 
trated  with  Eight  Coloured  Plates.  21s. 

Sunshine  Series,  Cassell's.  Monthly  Volumes,  is.  each. 


The  Temptation  of  Dulos  Carruthers.  By  C.  E.  C.  Weigall. 

^dy  Loreimer’s  soheme  and  Tne  Story  of  a Glamour.  By  Edith  E.  Cuthell. 
Womanlike.  By  Florench.  M.  KING.  ...  ooin.»oo. 

On  Stronger  Wings.  By  Edith  Lister. 

YouM  Love  Me  Yet.  By  Frances  Haswell  ; and  That  Little  Woman.  By  Ida  Lemon.. 
Sybil  Knox;  or.  Home  Again.  A Story  of  To-day.  By  Edward  E.  Hale, 
Author  of  “ East  and  West,”  &c.  Cheap  Edition,  6s. 

Tenting  on  the  Plains,  or  General  Custer  In  Kansas  and  Texas.  By  Elizabeth 
B.  Custer,  Author  of  “ Boots  and  Saddles.”  With  Numerous  Illustrations,  ss. 
Thackeray  In  America,  With.  By  Eyre  Crowe,  A.  R.A.  Illustrated.  los.  6d. 
The  Short  Story  Library.  List  of  Vols.  on  application. 

Tiny  Luttrell.  By  E.  W.  Hornung.  Cloth  gilt,  2 Vols.  21s. 


Selections  from  Cassell  <£*  Company's  Pttblications. 


"Treasure  Island  Series,  The.  Cheap  Illustrated  Edition.  Cloth,  3s.  6d.  each. 

“ Kidnapped.”  By  ROBERT  LOUIS  STEVENSON. 

Treasure  Island.  By  ROBERT  Louis  Stevenson. 

The  Master  of  Ballantrae.  By  Robert  Louis  Stevenson. 

The  Blaolc  Arrow:  A Tale  of  the  Two  Hoses.  By  Robert  Louis  Stevenson. 
King  Solomon’s  Mines.  By  H.  Riuer  Haggard. 

Treatment,  The  Year-Book  of,  for  1894.  A Critical  Review  for  Practitioners  of 
Medicine  and  Surgery.  Tenth  Year  of  Issue.  Greatly  Enlarged,  coo  pages.  7s.  6d. 
Tree  Painting  in  Water  Colomrs.  By  W.  H.  J.  Boot.  " With  Eighteen 
Coloured  Plates,  and  valuable  instructions  by  the  Artist.  5s. 

Trees,  Familiar.  By  Prof.  G.  S.  Boulger,  F.L.S.,  F.G.S.  Two  Series.  With 
Forty  full-page  Coloured  Plates  by  W.  H.  J.  Boot.  12s.  6d.  each. 

"Unicode”:  The  Universal  Telegraphic  Phrase  Book.  Pocket  or  Desk 

Edition.  2s.  6d.  each. 

United  States,  Cassell’s  History  of  the.  By  Edmund  Ollier.  With  600  Illus- 
trations. Three  Vols.  9s.  each. 

Universal  History,  Cassell’s  Illustrated.  With  nearly  One  Thousand 
Illustrations.  Vol.  I.  Early  and  Greek  History. — Vol.  II.  The  Roman  Period. — 
Vol.  III.  The  Middle  Ages. — Vol.  IV.  Modern  History,  gs.  each. 

Vaccination  Vindicated.  By  John  C.  McVail,  M.D.,  D.P.H.  Camb.  5s. 
Verses  Grave  and  Gay.  By  Ellen  Thorneycroft  Fowler.  3s.  6d. 

Vicar  of  Wakefield  and  other  Works,  by  Oliver  Goldsmith.  Illustrated. 

3s.  6d.  ; cloth,  gilt  edges,  5s.  , 

Vision  of  S^ts,  A.  By  Lewis  Morris.  Edition  de  luxe.  With  20  Full-page 
Illustrations.  Crown  4to,  extra  cloth,  gilt  edges.  21s. 

Water-Colour  Painting,  A Course  of.  With  Twenty-four  Coloured  Plates  by 

R.  P.  Leitch,  and  full  Instructions  to  the  Pupil.  5s. 

Waterloo  Letters.  Edited  by  Major-General  H.  T.  Siborne,  Late  Colonel 
R.E.  With  Numerous  Maps  and  Plans  of  the  Battlefield.  21s. 

Wedlock,  Lawful : or,  How  Shall  I Make  Sure  of  a Legal  Marriage  ? By 

Two  Barristers,  is. 

Wild  Birds,  Familiar.  By  W.  Swaysland.  Four  Series.  With  40  Coloured 
Plates  in  each.  12s.  fid.  each. 

Wild  Flowers,  Famili^.  By  F.  E.  Hulme,  F.L.S.,  F.S.A.  Five  Series.  With 

40  Coloured  Plates  in  each.  12s.  fid.  each. 

Won  at  the  Last  Hole.  A Golfing  Romance.  By  M.  A.  Stobart.  Illustrated.  is.6d. 
Wood,  'The  Life  of  the  Rev.  J.  G.  By  his  Son,  the  Rev.  Theodore  Wood. 

With  Portrait.  Extra  crown  8vo,  cloth.  Cheap  Edition.  5s. 

Work.  The  Illustrated  Journal  for  Mechanics.  New  and  Enlarged  Sales.  Vols. 

I.  and  II.,  4s.  each. 

World  Of  Wit  and  Humour,  The.  With  400  Illustrations.  Cloth,  7s.  6d. 

World  of  Wonders,  The.  With  400  Illustrations.  Two  Vols.  7s.  .6d.  each. 
Wrecker,  The.  By  R.  L.  Stevenson  and  Lloyd  Osbourne.  Illustrated.  6s. 
Yule  Tide.  Cassell’s  Christmas  Annual,  is. 

Zero  the  Slaver.  A Romance  of  Equatorial  Africa.  By  Lawrence 

Fletcher.  4s. 


ILLUSTRATED  MAGAZINES.  ~ 

The  Quiver,  for  Sunday  and  General  Heading.  Monthly  fid 

CasseWs  Family  Magazine.  Monthly,  7d. 

“ Little  Folks  ” Magazine.  Monthly,  6d. 

The  Magazine  of  Art.  Monthly,  is. 

Chums.  The  Illustrated  Paper  for  Boys.  Weekly,  id.;  Monthly,  fid. 
Cassell’s  Saturday  Journal.  Weekly,  id. ; Monthly,  6d. 
Work.  Illustrated  Journal  for  Mechanics.  Weekly,  id.;  Monthly,  6d. 
Cottage  Gardening.  Illustrated.  Weekly,  id.  ; Monthly  gd. 

' Full  particulars  of  CASSELL  & COMP.ANY’S  Monthly  Serial  Publications 
will  be  found  in  Cas.sei.l  & Company’s  COMPI.ETE  CATALOGU  F 


Catalogues  of  Cassell  & Company’s  Publications,  which  may  Oe  uaa  at  ad' 

Booksellers’,  or  will  be  sent  post  free  on  application  to  the  Publishers  : 

Cassell’s  Complete  Catalogue,  containing  particulars  of  upwards  ol  One 
Thousand  Volumes. 

Cassell’s  Classified  Catalogue,  in  which  their  Works  are  arranged  accordin- 
to  price,  from  Threepence  to  Fifty  Guineas.  ’’ 

Cassells  Educational  Catalogue,  containing  particulars  of  Cassell  i 
Company’s  Educational  Works  and  Students’  Manuals. 

CASSELL  & COMPANY,  Limited,  Ludgate  Hill,  London. 


Selections  from  Cassell  Company’s  Publications, 


ISililra  anib  ililigioua  Morka. 

Bible  Biog^raphies.  Illustrated,  as.  6d.  each. 

The  Story  of  Moses  and  Joshua.  By  the  Rev.  Prebendary  Gordon  CalthroP- 
The  Story  of  Judges.  By  the  Rev. J.  WYCLIFF  GEDGE. 

The  Story  of  Sau\  nnd  Samuel.  By  the  Rev.  D.  C.  TOVEY. 

The  Story  of  I^avid.  By  the  Rev.  1.  Wild. 

The  Story  of  Joseph.  Its  Lessons  for  To-Day.  By  George  Bainton. 


The  Story  of  Jesus.  In  Verse.  By  J.  R.  MACDUFF,  D.D. 

Bible,  Cassell’s  Illustrated  Family.  With  900  Illustrations.  Leather,  gilt 

edges,  £1  los.  ; full  morocco,  £3  los. 

Bible,  Tbe,  and  the  Holy  Land,  New  Light  on.  By  B.  T.  A.  Evetts,  M.A. 
Illustrated.  Cloth,  21s. 

Bible  Educator,  The.  Edited  by  E.  H.  Plumptre,  D.D.  With  Illustrations, 
Maps,  &c.  Four  Vols.,  cloth,  6s.  each. 

Bible  Student  in  the  British  Museum,  The.  By  the  Rev.  J.  G.  Kitchin, 
M.A.  Entirely  New  and  Revised  Edition,  is.  4d. 

Biblewomen  and  Nurses.  Yearly  Volume.  3s. 

Bunyan’s  Pilgrim’s  Progress  (Cassell’s  Illustrated).  410.  Cheap  Edition,  3s.  6d. 
Child’s  Bible,  The.  With  200  Illustrations.  Demy  4to,  830  pp.  sppth  Thousand. 

Cheap  Edition,  7s.  6d.  Superior  Edition,  with  6 Coloured  Plates,  gilt  edges,  los.  6d. 
Child’s  Life  of  Christ,  The.  Complete  in  One  Handsome  Volume,  with  about 
200  Original  Illustrations.  Cheap  Edition,  cloth,  7s.  6d. ; or  with  6 Coloured  Plates, 
cloth,  gilt  edges,  los.  6d.  Demy  4to,  gilt  edges,  2ts. 

“Come,  ye  Children.”  By  the  Rev.  Benjamin  Waugh.  Illustrated,  ss. 

Commentary,  The  New  Testament,  for  English  Readers.  Edited  by  the 
Rt.  Rev.  C.  J.  Ellicott,  D.D.,  Lord  Bishop  of  Gloucester  and  Bristol.  In  Three 
Volumes.  21s.  each. 

Vol.  1.— The  Pour  Gospels. 

Vol.  II.— The  Acts,  Bomans,  Corinthians,  Galatians. 

Vol.  III.— The  remaining  Books  of  the  New  Testament. 


Commentaxy,  The  Old  Testament,  for  Englisli  Readers.  Edited  by  the  Rt 
Rev.  C.  J.  Ellicott,  D.D.,  Lord  Bishop  of  Gloucester  and  Bristol.  Complete  in 
5 Vols.  21S.  each. 

Vol.  I. Genesis  to  Numbers.  I Vol.  III.— -^ngs  I.  to  Esther. 

Vol!  II.— Deuteronomy  to  Samuel  II.  I Vol.  IV.— Job  to  Isaiah. 

Vol.  V.— Jeremiah  to  Malachi. 


Commentary,  The  New  Testament.  Edited  by  Bishop  Ellicott.  Handy 
Volume  Edition.  Suitable  for  School  and  general  use. 


Bt.  Matthew. 

St.  Mark.  3s. 

8t.  Luke.  3S-  6d. 
Bt.  John.  3s.  6d. 
The  Acts  of  the 
3s.  6d. 


6d. 


Apostles. 


Bomans.  as.  6d. 

Oorinthians  I.  and  II.  3s. 
Galatians,  Ephesians,  and 
Philippians.  3s. 
Colossians,  Thessalonians, 
and  Timothy.  3s. 


Titus,  Philemon,  Hebrews, 
and  James.  ^ 

Peter,  Jude,  and  John.  3s. 
The  Bevelation.  3s. 

An  Introduction  to  the  New 
Testament.  2s.  6d. 


Commentary,  The  Old  Testament.  Edited  by  Bishop  Ellicott.  Handy  Volume 

Edition.  Suitable  for  School  and  general  use. 


Genesis. 

Exodus. 


Levitious. 

Numbers. 


3s.  ^ 

2S.  6d. 


Deuteronomy,  as.  6d. 


3s.  6cL 
3s. 

Dictionary  of  Religion,  The.  An  Encyclopedia  of  Christian  and  other 

Religious  Doctrines,  Denominations,  Sects,  Heresies,  EcclesiasticM  Terms,  History, 
Biography,  &c.  &c.  By  the  Rev.  William  Benham,  B.D.  Cheap  Edition,  los.  6d. 
Dore  Bible.  With  230  Illustrations  by  Gustave  DORi.  Original  Edition. 

Two  Vols.,  best  morocco,  gilt  edges,  ;^i5.  Popular  EdiHon.  With  Full-page  Illui- 
trations.  In  One  Vol.  15s.  Also  in  leather  binding.  {Price  on  application,) 

Early  Days  of  Christianity,  The.  By  the  Ven.  Archdeacon  Farrar,  D.D.,  F.R.S. 

Library  Edition.  Two  Vols.,  24s. ; morocco,  £‘i  2s. 

Popular  Edition.  Complete  in  One  Volume,  cloth,  6s.  ; cloth,  gilt  edges, 
7S.  6d.  ; Persian  morocco,  los.  6d.  ; tree-calf,  15s. 

Fstmily  Prayer-Book,  Tbe.  Edited  by  the  Rev.  Canon  Garbett,  M.A.,  and 
the  Rev.  S.  Martin.  Extra  crown  410,  cloth,  5s. ; morocco,  18s. 

Gleanings  after  Harvest.  Studies  and  Sketches.  By  the  Rev.  John  R.  Vernon, 

M.A.  Illustrated.  6s.  ' 

“Graven  in  the  Rock  or,  the  Historical  Accuracy  of  the  Bible  confirmed  by 
reference  to  the  Assyrian  and  Egyptian  Sculptures  in  the  British  Museum  and  else- 
where. By  the  Rev.  Dr.  Samuel  Kinns,  F.R.A.S.,  &c.  &c.  Illustrated.  12s.  6d. 


Selections  from  Cassell  & Company's  Publications. 


“Heart  Chords."  A Series  of  Works  by  Eminent  Divines.  Bound  in  cloth,  red 


edges,  IS.  each. 

My  Father.  By  the  Right  Rev.  Ashton  Oxenden, 
late  Bishop  of  Montreal. 

My  Bible,  fey  the  Rt.  Rev.  W.  Boyd  Carpenter, 
Bishop  of  Ripon. 

My  Work  for  God.  By  the  Right  Rev.  Bishop 
Cotterill. 

My  Object  in  Idfe.  By  the  Ven.  Archdeacon 
Farrar,  D.D. 

My  Aspirations.  By  the  Rev.  G.  Matheson,  D.D. 
My  Bmotional  Life.  By  Preb.  Chadwick,  D.D. 
My  Body.  By  the  Rev.  Prof.  W.  G.  BlaUde,  D.D. 


My  Soul.  By  the  Rev.  P.  B,  Power,  M.A. 

My  Growth  in  Divine  liife.  By  the  Rev. 

Prebendary  Reynolds,  M.A. 

My  Hereafter.  By  the  Very  Rev.  Dean  Bicker- 
steth. 

My  Walk  with  God.  By  the  Very  Rev.  Dean 
Montgomery. 

My  Aids  to  the  Divine  Life.  By  the  Very 
Rev.  Dean  Boyle. 

My  Sottrees  of  Strength.  By  the  Rev.  E.  E. 
Jenkins,  M.A. 


Helps  to  Bellell  A Series  of  Helpful  Manuals  on  the  Religious  Difficulties  of  the 
Day.  Edited  by  the  Rev.  Teignmouth  Shore,  M.A.,  Canon  of  Worcester,  and 
ChapIain-in-Ordinary  to  the  Queen.  Cloth,  is.  each. 


Creation.  By  the  late  Lord  Bishop  of  Carlisle. 
Miracles.  By  the  Rev.  Brownlow  Mait- 
land, M.A. 

Prayer.  By  the  Rev.  T.  Teignmouth  Shore, 
M.A. 


The  Morality  of  the  Old  Testament.  By 
the  Rev.  Newman  Smyth,  D.D. 

THE  Divinity  of  Our  Lord.  By  the  Lord 
Bishop  of  Derry. 


The  Atonement.  By  William  Connor  Magee,  D.D.,  Late  Archbishop  of  York. 

Hid  Treasure.  By  Richard  Harris  Hill.  is. 

Holy  Laud  and  the  Bible,  The.  A Book  of  Scripture  Illustrations  gathered 
in  Palestine.  By  the  Rev.  Cunningham  Geikik,  D.D.,  LL.D.  (Edin.).  With  Map. 
Two  Vols.  24s.  Illustrated  Edition,  One  Vol.  21s. 

Life  Of  Christ,  The.  By  the  Ven.  Archdeacon  Farrar,  D.D.,  F.R.S.,  Chaplain- 
in-Ordinarv  to  the  Queen. 

Cheap  Illustrated  Edition.  Large  4to,  cloth-,  7s.  6d.  Cloth,  full  gilt,  gilt 
edges,  los.  fid. 

Library  Edition.  Two  Vols.  Cloth,  24s. ; morocco,  42s. 

Popular  Edition,  in  One  Vol.  8vo,  cloth,  fis.;  cloth,  gilt  edges,  7s.  fid. ; Persian 
morocco,  gilt  edges,  los.  fid. ; tree-calf,  15s. 

Marriage  Ring,  The.  By  William  Landels,  D.D.  Bound  in  white 
leatherette.  New  and  Cheaper  Edition,  3s.  fid. 

Morning  and  Evening  Prayers  for  Workhouses  and  other  Institutions. 

Selected  by  Louisa  Twining.  2s. 

Moses  and  Geology;  or,  the  Harmony  of  the  Bible  with  Science.  By 

the  Rev.  Samuel  Kinns,  Ph.D.,  F.R.A.S.  Illustrated.  Demv  8vo,  8s.  fid. 

My  Comfort  in  Sorrow.  By  Hugh  Macmillan,  D.D.,  LL.D.,  &c.,  Author  of 
“ Bible  Teachings  in  Nature,"  &c.  Cloth,  is. 

New  Light  on  the  Bible  and  the  Holy  Land.  By  Basil  T.  A.  Evetts,  M.A. 
Illustrated.  Cloth,  21s. 

Old  and  New  Testaments,  Plain  Introductions  to  the  Books  of  the.  Con- 

taining Contributions  by  many  Eminent  Divines.  In  Two  Volumes,  3s.  fid.  each. 

Protestantism,  The  History  of.  By  the  Rev.  J.  A.  Wylie,  LL.D.  Containing 
upwards  of  fioo  Original  Illustrations.  Three  Vols.,  27s. ; Library  Edition,  30s. 

“Quiver”  Yearly  Volume,  The.  With  about  600  Original  Illustrations  and 

Coloured  Frontispiece.  7s.  fid.  Also  Monthly,  fid. 

St.  George  for  England ; and  other  Sermons  preached  to  Children.  Fifth 

Edition.  By  the  Rev.  T.  Teignmouth  Shore,  M.A.,  Canon  of  Worcester,  es. 

St.  Paul,  The  Life  and  Work  of.  By  the  Ven.  Archdeacon  Farrar,  D.D., 
F.R.S.,  Chaplain-in-Ordinary  to  the  Queen. 

Library  Edition.  Two  Vols.,  cloth,  24s. ; calf,  42s. 

Illustrated  Edition,  complete  in  One  Volume,  with  about  300  Illustrations, 
IS.  ; morocco,  £2  2s. 

Popular  Edition.  One  Volume,  8vo,  cloth,  fis.  ; cloth,  gilt  edges,  7s.  fid.  • 
Persian  morocco,  los.  fid. ; tree-calf,  15s.  ’ 

Shall  We  Know  One  Another  in  Heaven  ? By  the  Rt.  Rev.  J.  C.  Ryle  D.D. 
Bishop  of  Liverpool.  New  and  Enlarged  Edition.  Paper  Covers  fid.  ' ' 

Shortened  Church  Services  and  Hymns,  suitable  for  use  at  Children’s  Services. 
Compiled  by  the  Rev.  T.  Teignmouth  Shore,  M.A,  Canon  of  Worcester. 
hnlar^ed  Edition,  is. 

Signa  Christ! : Evidences  of  Christianity  set  forth  in  the  Person  and  Work  of 

Christ.  By  the  Rev.  James  Aitchison.  5s. 

“Sunday;”  Its  Origin,  History,  and  Present  Obligation.  By  the  Ven  Arch- 

deacon Hessev,  D.C.L.  Fifth  Edition.  7s.  fid. 

Twilight  of  Life,  The:  Words  of  Counsel  and  Comfort  for  the  Aged.  Bv 

John  Ellerton,  M.A.  is.  fid.  ’ 


Selections  from  Cassell  <t  Company’s  Publications. 


®imtati0nal  Marks  ank  ^tukrnts'  iitanuals. 

Agricultural  Text-Books,  Cassell’s.  (The  " Downton  " Series.)  Fully  Illustrated. 
Edited  by  John  Wrightson,  Professor  of  Agriculture.  Soils  and  MannrnB 
J.  M.  H Munro,  D.Sc.  (London),  F.I.C.,  F.C.S.  es. 6d  Fara  CrOM  By  pfo^ 
.1  ^ By  Professor  Wrightson.  2s.6d.  ^ 

Alphahet,  Cassell  s Pictorial  Size,  35  inches  by  42J  inches.  Mounted  on 

Linen,  with  rollers.  3s.  fid. 

Arithmetic Howard’s  Anglo-American  Art  of  Reckoning. 

Howard.  Paper,  is. ; cloth,  as.  Enlarged  Edition,  5s. 

Arithmetics,  The  Modern  School  By  George  Ricks,  B.Sc.  Lond.  With  Test 
Cards.  {List  on  application.') 

Atlas,  Cassell’s  Popular.  Containing  24  Coloured  Maps.  2s.  6d. 
Book-Keeping.  By  Theodore  Jones.  For  Schools,  2s. ; or  cloth,  3s  For 
THE  Million,  2s.  ; or  cloth,  3s.  Books  for  Jones’s  System,  Ruled  Sets  of,  2s. 
British  Empire  Map  of  the  World.  New  Map  for  Schools  and  Institutes. 

G.  R.  Parkin  and  J.  G.  Bartholomew,  F.R.G.S. 
and  with  Rollers.  25s. 

Broadacre  Farm ; or,  lessons  in  Our  Laws. 

Two  Vols.,  Ts.  fid.  each. 

Chemistry,  The  Public  School 


By  C.  F. 


By 


Mounted  on  cloth,  varnished, 
By  H,  F.  Lester.  Illustrated. 


By  J.  H.  Anderson,  M.A.  2s.  6d. 

Cookery  for  Schools.  By  Lizzie  Heritage.  6d. 

Copy-Books,  CasseU’s  Graduated.  Complete  in  i8  Books.  2d.  each 
Copy-Books,  The  Modem  School.  Complete  in  12  Books.  2d.  each. 

Drawing  Copies,  Cassell’s  “New  Standard.’’  In  14  Books,  2d.,  3d.,  and4d  each. 
Drawing  Copies,  CasseU’s  Modem  School  Freehand.  First  Grade,  is.  Second 

Grade,  2S. 

Electricity,  Practical.  By  Prof.  W.  E.  Ayrton.  7s.  6d. 

Energy  and  Motion : A Text-Book  of  Elementary  Mechanics.  By  William 
t-  Paice,  M.A.  Illustrated,  is.  fid. 

EngUsh  Literature.  A First  Sketch  of,  from  the  Earliest  Period  to  the  Present 
Time.  By  Prof.  Henry  Morley.  ys.  fid. 

EucUd,  CasseU’s.  Edited  by  Prof.  Wallace,  M.A.  is. 

EucUd,  The  First  Four  Books  ofc  New  Edition.  In  paper,  6d.  ; cloth  qd 
French,  CasseU’s  Lessons  in.  New  and  Revised  Edition.  Parts  I.  and’ll.,  each, 

2S.  fid.  ; complete,  4s.  fid.  Key,  is.  fid.  ’ ’ 

French-EngUsh  and  EngUsh-French  Dictionary.  Entirely  New  and  Enlarged 

Edition.  1,150  pages,  8vo,  cloth,  3s.  fid. 

French  Reader,  CasseU’s  PubUc  School.  By  Guillaume  S.  Conrad.  2s.  6d. 
Galbraith  and  Haughton’s  Scientific  Manuals. 

Plane  Trigonometry.  2s.  6d.  Euclid.  Books  I.,  H.,  HI.  2s.  6d.  Books  IV.,  V.,  VI.  2s  6d. 
Mathematical  Tables.  3s.  6d.  Mechanics.  3s.  6d.  Natural  Philosophy  3s.  6d  Ontios 
2S.  6d.  Hydrostatics.  3s.  6d.  Steam  Engine,  as.  6d.  Algebra.  Part  1,  cloth,  2s.  6d.  Com! 
plete,  7S.  6d.  Tides  and  Tidal  Currents,  with  Tidal  Cards,  3s. 

Gaudeamus.  Songs  for  Colleges  and  Schools.  Edited  by  John  Farmer,  es. 
Words  only,  paper,  fid.  ; cloth,  gd. 

Geometry,  First  Elements  of  Experimental.  By  Paul  Bert.  Illustrated,  is.  6d. 
Geometry,  Practical  Solid.  By  Major  Ross,  R.E.  2s. 

German  Dictionary,  CasseU’s  New.  German-English,  English- German.  Cheap 

Edition,  cloth,  3s.  fid.  ; half-roan,  4s.  fid. 

German  Reading,  First  Lessons  in.  ByA.  JAgst.  Illustrated,  is. 

Hand-and  Eye  Training.  By  G.  Ricks,  B.Sc.  Two  Vols.,  with  16  Coloured 
Plates  in  each  Vol.  Crown  410,  fis.  each. 

“Hand-and-Eye  Training”  Cards  for  Class  Work.  Five  sets  in  case.  is.  each. 
Historical  Cartoons,  CasseU’s  Coloured.  Size  45  in.  x 35  in.  2s.  each.  Mounted 
on  canvas  and  varnished,  with  rollers,  5s.  each.  (Descriptive  pamphlet,  ifi  pp.,  id.) 
Historical  Course  for  Schools,  CasseU’a  Illustrated  throughout  I.— Stories 
from  English  History,  is.  II.— The  Simple  Outline  of  English  History,  is.  3d. 
HI. — The  Class  History  of  England,  2S.  fid. 

Italian  Grammar,  The  Elements  of,  with  Exercises.  In  One  Volume.  3s.  6d. 
Latin  Dictionary,  CasseU’s  New.  (Latin-English  and  English-Latin).  Revised 
by  J.  R.  V.  Marchant,  M.A.,  and  J.  F.  Charles,  B.A.  3s.  fid, 

Latin  Primer,  The  New.  By  Prof.  j.  P.  Postgate.  2s.  6d. 

Latin  Primer,  The  First  By  Prof.  Postgate.  is. 

Latin  Prose  for  Lower  Forms.  By  M.  A.  Bayfield,  M.A.  2s.  6d. 

Laundry  Work  (How  to  Teach  It).  By  Mrs.  E.  Lord.  6d. 


Selections  from  Cassell  & Cojnpany's  Publications. 


Laws  of  Every-Day  Life.  For  the  Use  of  Schools.  By  H.  O.  Arnold-Forster, 

M.P.  IS.  6d.  Special  Edition  on  green  paper  for  those  with  weak  eyesight,  as. 
Little  Folks’ History  of  England.  By  Isa  Craig-Knox.  Illustrated,  is.  6d. 
Making  of  the  Home,  The.  By  Mrs.  Samuel  A.  Barnett,  is.  6d. 
Marlborough  Books  : — Arlttunetlo  Examples.  3S.  Erenoti  Exeroises.  3s.  6d.  French 
Grammar,  as.  6d.  Gorman  Grammar.  3s-  «d.  „ t ^ t- 

Mechanics  for  Young  Beginners,  A First  Book  of.  By  the  Rev.  J.  G.  Easton, 

Mechanics  Machine  Design,  Numerical  Example  in  Practic^  By 
R G.  Blaine  M.  E.  New  and  Revised  Edition.  With  69  Diagrams.  Cloth,  2s,  oa. 
“Model  Joint”  Wall  Sheets,  for  Instruction  in  Manual  Training.  By  b. 
Barter.  Eight  Sheets,  2s.  6d;  each. 

Natural  History  Coloured  Wall  Sheets,  Cassell’s  New.  Consisdug  of  i8 

snhiects  Size.  30  bv  3i  in.  Mounted  on  rollers  and  varnished.  3s.  each. 

Object  Lessons  from  Nature.  By  Prof.  L.  C.  Miall,  F-L.S..  F.G.S.  Fully 

Illustrated.  New  and  Enlarged  Edition.  Two  Vols.  is.  6d.  each ; or  in  One 

PhvsioloCT’lor  Schools.  By  Alfred  T.  Schofield,  M.D.,  M.R.C.S.,  &c. 

With  Wood  Engravings  and  Coloured  Plates,  is.  gd.  Three  Parts,  paper  covers, 

Sd.  each ; or  cloth  limp,  6d.  each.  r.  ,-1  .i,  ha 

Poetry  Readers,  Cassell’s  New.  Illustrated.  12  Books,  id.  each.  Cloth,  is.  6d. 
Popular  Educator,  CasseU’s  New.  With  Revised  Text,  New  Maps,  New  Coloured 
Plates,  New  Type,  &c.  Complete  in  Eight  Vols.,  5s.  each ; or  Eight  Volumes  m 
Four,  half-morocco,  50S.  i 

Reader,  The  Citizen.  By  H.  O.  Arnold-Forster,  M.P.  Cloth,  is.  6d.  ; also  a 

Scottish  Edition,  Cloth,  IS.  6d.  ^ ha 

Reader,  'The  Temperance.  By  Rev.  J.  Dennis  Hird.  is.  6d. 

Readers,  Cassell’s  “Higher  Class."  {List  on  application.) 

Readers,  Cassell’s  Readable.  Illustrated.  {List  on  application.) 

Readers  for  Infant  Schools,  Coloured.  Three  Books.  4d.  each. 

Readers,  The  Modem  Geographical.  Illustrated  throughout.  {Liston  application.) 
Readers,  The  Modern  School.  Illustrated.  {List  on  application.) 

Reading  and  Spelling  Book,  Cassell’s  Illustrated,  is. 

Round  the  Empire.  By  G.  R.  Parkin.  With  a Preface  by  the  Rt.  Hon.  the 
Earl  of  Rosebery,  K.G.  Fully  Illustrated,  is.  6d. 

School  Certificates,  Cassell’s.  Three  Colours,  6jx4|  in  , id. ; Five  Colours, 
ii-J  X gi  in.,  3d. ; Seven  Colours  and  Gold,  g|  x 6%  in.,  3d. 

Science  Applied  to  Work.  By  J.  A.  Bower.  Illustrated,  is. 

Science  of  Every-Day  Life.  By  J.  A.  Bower.  Illustrated,  is. 

Sculpture,  A Primer  of.  By  E.  Roscoe  Mullins.  Illustrated.  2s.  6d. 

Shade  from  Models,  Common  Objects,  and  Casts  of  Ornament,  How  to.  By 

W.  E.  Sparkes.  With  25  Plates  by  the  Author.  3s. 

Shakspere’s  Plays  for  School  Use.  Illustrated.  5 Books.  6d.  each. 

Spelling,  A Complete  Manual  of.  By  J.  D.  Morell,  LL.  D.  is. 

Technical  Educator,  Cassell’s  New.  An  entirely  New  Cyclopsedia  of  Technical 

Education,  with  Coloured  Plates  and  Engravings.  In  Volumes,  5s.  each. 

Technical  Manuals,  Cassell’s.  Illustrated  throughout.  16  Vols.,  from  2s.  104s.  6d. 

{List free  on  application.) 

Technology,  Manuals  of.  Edited  by  Prof.  Ayrton,  F.R.S.,  and  Richard 
WoRMELL,  D.Sc.,  M.A.  Illustrated  throughout. 


Design  in  Textile  Pabrics.  By  T.  R.  Ashen* 
hurst.  4S.  6d. 

Spinning  Woollen  and  Worsted.  By  W. 

S.  McLaren,  M.P.  4s.  6d. 

Practical  Meclxanics.  By  Prof.  Perry,  M.E. 
3s.  6d. 

Cutting  Tools  Worked  by  Hand  and  Ma- 
chine. By  Prof.  Smith.  3s.  6d. 

Things  New  and  Old ; or.  Stories  from  English  History.  By  H.  O.  Arnold- 
For.ster,  M.P.  Fully  Illustrated.  Strongly  bound  in  Cloth.  Standards  I and  !(., 
gd.  each  ; Standard  III.,  is.  ; Standard  IV.,  is.  3d.  ; Standards  V.,  VI.,  and  VII., 
IS.  6d.  each. 

World  Of  Ours,  This.  By  H.  O.  Arnold-Forster,  M.  P.  Fully  Illustrated.  3s.  6d. 


The  Dyeing  of  Textile  Fabrics.  By  Prof. 
HummeL  5s. 

Watch  and  Clock  Making.  By  D.  Glasgow, 
Vice-President  of  the  British  Horological 
Institute.  4s.  6d. 

Steel  and  Iron*  By  Prof.  W.  H.  Greenwood, 
F.C.S.,  M.I.C.E.,&c.  5S. 


Selections  frotn  Cassell  <k  Company's  Publications. 


18o0ka  for 


“Little  Folks”  Half-Yearly  Volume.  Containing  452  pages  of  Letterpress,  with 
Pictures  on  nearly  every  page,  together  with  Two  Full-page  Plates  printed  in  Colours 
and  Four  Tinted  Plates.  Coloured  boards,  3s.  6d. ; or  cloth  gilt,  gilt  edges,  5s. 
Bo-Peep.  A Book  for  the  Little  Ones.  With  Original  Stories  and  Verses. 
Illustrated  with  beautiful  Pictures  on  nearly  every  page,  and  Coloured  Frontispiece. 
Yearly  Volume.  Elegant  picture  boards,  as.  6d. ; cloth,  3s.  6d. 

The  Peep  of  Day.  Cassell’s  Illustrated  Edition.  2s.  6d. 

Maggie  Steele’s  Diary.  By  E.  A.  Dillwyn.  2s.  6d. 

A Sunday  Story-Book.  By  Maggie  Browne,  Sam  Browne,  and  Aunt 
Ethel.  Illustrated.  3s.  6d. 

A Bundle  of  Tales.  By  Maggie  Browne,  Sam  Browne,  & Aunt  Ethel.  3s.6d. 
Fairy  Tales  in  Other  Lands.  By  Julia  Goddard.  Illustrated.  3s.  6d. 

Story  Poems  for  Young  and  Old.  By  E.  Davenport.  3s.  6d. 

Pleasant  Work  for  Busy  Fingers.  By  Maggie  Browne.  Illustrated.  5s. 
Bom  a King.  By  Frances  and  Mary  Arnold-Forster.  Illustrated,  is. 
Magic  at  Home.  By  Prof.  Hoffman.  Fully  Illustrated.  A Series  of  easy 

and  startling  Conjuring  Tricks  for  Beginners.  Cloth  gilt,  5s. 

Schoolroom  and  Home  Theatricals.  By  Arthur  Waugh.  With  Illustra- 
tions by  H.  A.  J.  Miles.  Cloth,  2s.  6d. 

Little  Mother  Bunch.  By  Mrs.  Molesworth.  Illustrated.  Cloth,  3s.  6d. 
Heroes  of  Every-Day  life.  By  Laura  Lane.  With  about  20  Full-page 


Illustrations.  256  pages,  crown  8vo,  cloth,  2s.  fid. 

Ships,  Sailors,  and  the  Sea.  By  R.  J.  Cornewall-Jones.  Illustrated 
throughout,  and  containing  a Coloured  Plate  of  Naval  Flags.  Cheap  Edition,  2s.  fid. 
CHft  Books  for  Young  People.  By  Popular  Authors.  With  Four  Original 

. Illustrations  in  each.  Cloth  gilt,  is.  fid.  each. 


The  Boy  Hunters  of  Kentucky.  By 
Edward  S.  Ellis. 

Bed  Feather:  a Tale  of  the  Axnerioan 
Frontier.  By  Edward  S.  Ellis. 

Flitters ; or»  “ It*s  a Lons  Lane  that  has 
no  Tumii^.” 

Triiy;  or,  “Those  wh#  Iiive  in  Glass 
Houses  shouldn't  throw  Stones.” 

The  Two  Hardoastles. 

Seeking  a City. 

Bhoda’s  Beward. 


Jack  Marston's  Anchor. 

Frank's  Life-Battle. 

Major  Monk's  Motto;  or,  **Look  Before 
you  Leap.'* 

Tim  Thomson's  Trial;  or,  **  All  is  not  Gold 
that  Glitters.** 

Ursula's  Stiimbling-Block. 

Buth's  Life-Work;  or,“Ko  Fains,  no  Gains.** 
Bags  and  Bainbows. 

Uncle  William's  Charge. 

^etty  Pink's  Purpose. 


“Golden  Mottoes”  Series,  The. 

full-page  Original  Illustrations. 


Each  Book  containing  208  pages,  with  Four 

Crown  8vo  cloth  gilt,  2s.  each. 


By  the  Rev.  F.  Lang- 


**Kil  Uesperandunn' 
bridge,  M.A. 

“Bear  and  Forbear!^ 

“Foremost  if  I Can.** 

**  Cross  and  Crown”  Series,  Tlie. 

8vo,  256  pages,  2S.  6d.  each. 

Heroes  of  the  Indian  Empire ; or,  Stories  of 
Valour  and  Victory.  By  Ernest  Foster. 
Through  Trial  to  Triumph;  or,  “The 
Boyal  Way."  By  Madeline  Bonavia  Hunt. 
In  Letters  of  Flame ; A Story  of  the 
Waldenses.  By  C.  L.  Mat^ux. 

Strong  to  Staffer;  A Story  of  the  Jews.  By 
ETtVynne. 


By  Jeanie  Heiing 


Honour  is  my  Guide." 

(Mrs.  Adams-Acton). 

Aim  at  a Sure  End!."  By  Emily  Searchfield. 
He  Conquers  who  Endures.'^  By  the  Author 
of  " May  Cunningham's  Triad,"  &c. 


By  Sarah  Pitt. 

By  Helen  Atteridge. 

With  Four  Illustrations  in  each  Book.  Crown 


Boolcs  for  Toung  People. 

gilt,  3s.  6d.  each. 

Under  Bayard's  Banner.  By  Henry  Frith. 
The  C^axnpion  of  Odin ; or.  Viking  Life 
in  the  Ijays  of  Old.  By  J.  Fred.  Hodgetts. 


By  Fire  and  Sword;  a Story  of  the  Hugue- 
nots. By  Thomas  Archer. 

Adam  Hepburn's  Vow ; A Tale  of  Kirk  and 
Covenant.  By  Annie  S.  Swan. 

Ko.  XIII.;  o^the  Story  of  the  Lost  Vestal. 
A Tale  of  Early  Christian  Days.  By  Emma 
Marshall 

Freedom's  Sword;  A Story  of  the  Days  of 
Wallace  and  Bruce.  By  Annie  S.  Swan. 

Cheap  Edition.  With  Original  Illustrations.  Cloth 


Bound  by  a SpeU;  or,  the  Hunted  Witch 
of  the  Forest.  By  the  Hon.  Mrs.  Greene. 


Albums  for  Children. 


The  Chit-Chat  Album.  Illustrated. 

The  Album  for  Home,  School,  and  Play. 
Set  in  bold  type,  and  illustrated  throughout 


Price  3s.  6d.  each. 

My  Own  Album  of  Animals.  Illustrated. 
Fioture  Album  of  All  Sorts.  Illustrated. 


Wanted— a King”  Series. 

Dav< 
By 


Cheap  Edition.  Illustrated.  2S.  6d.  each. 


Robin's  Hide.  By  Ellinor  Daveimort  Adams. 

Georgina  ' ' 


Great  - Grandmamma. 
Synge. 


Wanted— a Xing;  or.  How  Merle  set  the 
M.  I Ifursery  Rhymes  to  Bights.  By  Maggie 
Browne. 


Seiections  from  Cassell  X-  Company's  Publications. 


Crown  8vo  Library.  Cheap  Editions. 

Hambies  Hound  Xiondon*  By  C.  L. 
Mat^aux.  Illustrated. 

Around  and  About  Old  Sng'land.  By  C. 

L.  Mat^aux.  Illustrated. 

Paws  and  Claws.  By  one  of  the  Authors  of 
**  Poems  Written  for  a Child.”  Illustrated. 
Decisive  Events  in  History.  By  Thomas 
Archer.  With  Original  Illustrations. 

The  True  Robinson  Crusoes.  Cloth  gilt 
Peeps  Abroad  for  Polks  at  Home.  Illus- 
trated throughout 


2S.  6d.  each. 

Wild  Adventures  in  Wild  Places.  By  Dr. 

Gordon  Stables,  R-N.  lUustratei 
Modern  Explorers.  By  Tliom^  Frost  Illus- 
trated. New  and  Cheaper  Edition. 

Early  Explorers.  By  Thomas  Fro^ 

Home  Chat  with  our  Young  Polka.  Illus- 
trated throughout  . . 

Jungle,  Peak,  and  Plain.  lUustrated 
tMoughout 

The  England  of  Shakespeare.  By  E. 
Goadby.  With  Full-page  lUustrations. 


Three  and  Sixpeimy  Books  for  Young  People.  With  Original  Illustrations. 


Cloth  gilt,  3S.  6d.  each, 
t Bashful  Pifteen.  By  L.  T.  Meade. 

The  King’s  Command.  A Story  for  G-irls. 
By  Maggie  Symington. 

t A Sweet  Girl  Graduate.  By  L.  T.  Meade. 
+ The  White  House  at  Inch  Gow.  By  Sarah 
Pitt 

Dost  in  Samoa.  A Tale  of  Adventure  in  the 
Navigator  Islands,  By  £.  S.  Ellis. 


Tad*  or," Getting  Even”  with  Bim. 
E.  S.  ElUs. 

+ Pollv  By  L.  T.  Meade, 
t The  Palace  Beautiful.  By  L.  T.  Meade. 
“Follow  my  Leader.” 

For  Fortune  and  Glory. 

+ The  Cost  of  a Mistake.  By  Sarah  Pitt 
Lost  among  White  Africans, 
t A World  of  Girls,  By  L.  T.  Meade. 


By 


Books  marked  thus  f can  also  be  had  in  extra  cloth  gilt,  gilt  edges,  5s.  each. 


Books  hy  Edward  S.  Ellis. 

The  Hunters  of  the  Ozark. 
The  Camp  in  the  Moun- 
tains. 

Ned  in  the  Woods.  A Tale 
of  Early  Days  in  the  West. 
Down  the  Mississippi. 


Illustrated.  Cloth,  2S. 
The  Last  War  TraU. 

Ned  on  the  Biver.  A Tale 
of  Indian  River  Warfare. 
Pootprints  in  the  Porest. 
Up  the  Tapajos. 


6d.  each. 

Ned  In  the  Block  House. 
A Story  of  Pioneer  Life  in 
Kentucky. 

The  Lost  TraU. 

Camp-Pire  and  Wigwam. 
Lost  in  the  WUds. 


Sixpeimy  Story  Books. 
The  Sm^gler*8  Cave. 
Little  Lizme. 

The  Boat  Club. 

Luke  Barnicott. 

Cassell’s  Picture  Story 

Little  Talks. 

Bright  Stars. 

Nursery  Joys. 

Pet*8  Posy. 

Tiny  Tales. 


By  well-known  Writers. 

Little  Bird. 

Little  Pickles. 

The  Elchester  College 
Boys. 


Books.  Each  containing  60 

Daisy’s  Story  Book. 

Dot’s  Story  Book. 

A Nest  of  Stories. 

Good  Night  Stories. 

Chats  for  Small  Chatterers. 


All  Illustrated. 

My  First  Cruise. 

The  Little  Peacemaker. 
The  Delft  Jug. 

pages.  6d.  each. 

Auntie’s  Stories. 
Birdie’s  Story  Book. 
Ijittle  Chimes. 

A Sheaf  of  Tales. 
Dewdrop  Stories. 


Illustrated  Books  for  the  Little  Ones.  Containing 
Illustrated,  is.  each;  or  cloth  gilt,  is.  6d. 


Tales  Told  for  Sunday. 
Sunday  Stories  for  Small 
People. 

Stories  and  Pictures  for 
Sunday. 

Bible  Pictures  for  Boys 
and  Girls. 

Firelight  Stories. 
Sunli^t  and  Shade. 
Rub-a-dub  Tales. 


Fine  Feathers  and  Fluffy 
Fur, 

Scrambles  and  Scrapes. 
Tittle  Tattle  Tedes. 

Dumb  Friends. 

Indoors  and  Out. 

Some  Farm  Friends. 
Those  Golden  Sands. 
Little  Mothers  and  their 
Children. 


interesting  Stories.  All 

Our  Pretty  Pets. 

Our  Schoolday  Hours. 
Creatures  Tame. 

Creatures  Wild. 

Up  and  Down  the  Garden. 
AU  Sorts  of  Adventures. 
Otir  Sunday  Stories. 

Our  Holiday  Hours. 
Wandering  Ways. 


ShllUng  Story  Books,  All 

Seventeen  Cats. 

Bunty  and  the  Boys. 

The  Heir  of  Elmdale. 

The  Mystery  at  Shoncliff 
School. 

Claimed  at  Last,  and  Roy’s 
Reward. 

Thorns  and  Tangles. 


Illustrated,  and  containing 
The  Cuokoo  in  the  Robin’s 
John’s  Mistake.  [Neat. 
Diamonds  in  the  Sand. 
Surly  Bob. 

The  History  of  Five  Uttle 
Pitchers. 

The  Giant’s  Cradle. 

Shag  and  DoU. 


Interesting  Stories. 

Aunt  Luqia’s  Locket. 
The  Magic  Mirror. 

The  Cost  of  Revenge. 
Clever  Frank. 

Among  the  Redskins. 
The  Ferryman  of  Brill. 
Harry  Maxwell. 

A Banished  Monarch. 


Elgbteenpenny  Story  Books. 

Baggies,  Baggies,  and  the 
Emperor. 

Boses  from  Thoms. 

Faith's  Father. 


Wee  Willie  Winkie. 

Ups  and  Downs  of  a Don- 
key's Life. 

Three  Wee  Ulster  Lassies. 
Up  the  Ladder. 

Mok^Hero ; other  Btorlos. 
The  Chip  Boy. 


All  Illustrated  throughout. 

^om  Morris’s  Error. 


By  Land  and  Sea. 

The  Young  Berringtons. 
Jeff  and  Leffi 


Worth,  more  than  Gold. 
Through  Flood— Through 
Fire,” 

The  Girl  with  the  Golden 
Locks. 

Stories  of  the  Olden  Time. 


Sekctiom  fro7H  Cassell  Company's  Publications. 


“Little  Folks”  Painting  Books. 

Water-Colour  Painting,  is.  each. 
Frill t ft Blosaoms  for  “ Little  Folks 
to  f^nt. 


With  Text,  and  Outline  Illustrations  for 


The  “Little  Folks' 


1 The  “Little  Folks" 
I Book.  Cloth  only,  2s. 
* Illuminating  Book. 


Proverb  Painting 


Library  of  Wonders.  Illustrated  Gift-books  for  Boys.  Cloth,  is.  6d. 

Wonderful  Adventures.  I Wonders  of  Bodily  Strength  and  Skilt 

I Wonderful  Escapes. 


TUe  “ World  in  Pictures  ” Series. 

A Bamble  Bound  France. 

All  the  Bussiae. 

Chats  about  Q’ermany.  

The  Land  of  the  Pyramids  CBgypt), 
Peeps  into  China. 


Illustrated  throughout.  2s.  6d.  each. 

The  Eastern  Wonderland  (Japan). 
Glimpses  of  South  Amerioa. 
Hound  Africa. 

The  Land  of  Ten^les  (India). 

The  Isles  of  the  Pacifio. 


Cheap  Editions  of  Popular  Volumes  for  Young  People. 

each. 


Illustrated.  2s.  6d. 


In  Guest  of  Qol<^  or.  Under 
flie  Whanga 

On  Board  the  Esmeralda , or, 
Martin  Leigh's  Log. 


The  Homance  of  Invention : 
Vignettes  from  the  Annals  of 
Indus^  and  Science. 

Esther  West. 

Three  Homes. 


Two-ShiUing  Story  Booka 

Stories  of  the  Tower. 

Mr.  Burke’s  Nieces. 

May  Cunningham’s  Triai- 
The  Top  of  the  Ladder : 

How  to  Beach  it. 

Little  Flotsam. 

Madge  and  her  Friends. 

Half-CrowB  Story  Books.  — 

Margaret’s  Enemy. 

Pen’s  Perplexities. 

Notable  Shipwrecks. 

Wonders  of  Common  Things. 

At  the  South  Pole. 

Cassell’s  Pictorial  Scrap  Book. 

cloth  back,  3s.  6d.  per  Vol. 

Our  Scrap  Book. 

The  Seaside  Scrap  Book. 

The  Little  Polks’  Scrap  Book. 


All  Illustrated. 

The  Children  of  the  Court. 
Maid  Marjory. 

The  Pour  Cats  of  the  Tip- 
pertons. 

Marion's  Two  Homes. 
Little  Folks’  Sunday  Book. 


For  Queen  and  King. 
Working  to  Win. 

Perils  Adoat  and  Brigands 
Ashore. 


Two  Pourpenny  Bits. 
Poor  Nelly. 

Tom  Heriot. 

Aunt  Tabitha’s  Waits. 

In  Mischief  Again. 
Through  Peril  to  Fortune. 
Peggy,  and  other  Tales. 


Truth  will  Out.  _ ^ 

Pictures  of  School  Xiife  and  Boyhood. 
The  Young  Man  in  the  Battle  of  Life, 
the  Rev.  Dr.  Landels. 

Soldier  and  Patriot  (George  Washington). 


By 


In  Six  Sectional  Volumes.  Paper  boards, 

I The  Magpie  Scrap  Book. 

The  Lion  Scrap  Book. 

I The  Elephant  Scrap  Book. 


Books  lor  the  Little  Ones.  Fully  Illustrated. 

Cassell's 


Bhymes  for  the  Yotmg  Folk.  By  William 
Ailingham.  Beautifully  Illustrated.  3s.  6d. 
The  Sunday  Scrap  Book.  With  Sever^ 
Hundred  Illustrations.  Boards,  3s.  6d. ; cloth, 
gilt  edges,  5s. 

The  PCiBtory  Scrap  Book.  With  nearly 
1,000  Engravings.  Cloth,  7s.  6d. 


..c  o Bohinson  Cmaoe.  With  100 
Illustrations.  Cloth,  3s.  6d.  ; gilt  edges.  5s. 
The  Old  Fairy  Tales.  Wiili  Original  Illus- 
trations. Boards,  is. ; doth,  is.  6d. 

My  Diary.  With  Twelve  Coloured  Plates  and 
366  Woodcuts.  IS.  _ , . 

Cassell’s  Swiss  Family  Bobmson.  Illus- 
trated. Cloth,  3S.  6d. ; gilt  edges,  ss. 


The  World’s  Workers.  A Series  of  New  and  Original  Volumes  by  Popular 

Authors.  With  Portraits  printed  on  a tint  as  Frontispiece,  is.  each. 

Dr.  Guthrie,  Father  Mathew,  EUhu  Bur- 


Johh  Cassell.  By  G.  Holden  Pike. 

Charles  Haddon  Spurgeon.  By  G.  Holden 
Pike 

Dr.  Arnold  of  Bugby.  By  Rose  E.  Selfe. 

“ * ' 3hafteabur 


and  Mrs. 


The  Earl  of  8haft^ 

Sarah  Hobinson, . ‘ 

Meredith. 

Thomas  A.  Edison  and  Samuel  P.  B.  Morse. 
Mrs.  Somerville  and  Mary  Carpenter. 
General  Gordon. 

Charles  Dickens.  _ , 

Florence  Nightingale,  Catherine  Marsh, 
Frances  ^dley  Havergal,  Mrs.  Han- 
yard  (“L.  N.  H."). 


ritt,  Joseph  Livesey. 
gjjf  Henry  Havelock  and  Colin  Campbell 
Lord  Clyde. 

Abraham  Xuncoln. 

David  Livinerstone. 

George  Muller  and  Andrew  Heed. 
Richard  Cobden. 

Benjamin  Franklin. 

Handel. 

Turner  the  Artist. 

Geoxge  and  Robert  Stephenson. 

Sir  Thtus  Salt  and  George  Moore. 


. . T)^^nclvorkslfiiaudineV.ia-ha.xd.  Cobden  and  C.  H.  Spurgeon)  ca»  also  bthad  Tkrtt  in 
• Ont  VoL,  cloth.zUt  tones,  31. 


CASSELL  <fc  COMPANY,  Limited,  Ludgaie  Hill,  Lonaon; 
Pans  cfc  Melbourne. 
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